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SUMMARY
A s e r i e s  of s t u d i e s  were made to  examine v a r i o u s  a s p e c t s  o f  t h e  
m i c r o b i a l  c o n t a m i n a t i o n  o f  e n t e r a l  f e e d s .  These s t u d i e s  inc luded 
surveys of h o s p i t a l  p r a c t i c e  and l a b o r a t o r y  i n v e s t i g a t i o n s  o f  t h e  
q u a l i t y  o f  feed i n g r e d i e n t s ,  the  l e v e l s  o f  contamination in  feeds in  a 
l o c a l  h o s p i t a l  and the  growth of  contaminants  in  e n t e r a l  f e e d s  under
l a b o ra to ry  and s imula ted  ward c o n d i t io n s .
Surveys  c a r r i e d  ou t  d u r i n g  1982-1984 r e v e a l e d  a v a r i e t y  o f  
p r a c t i c e s  i n  t h e  p r e p a r a t i o n  and a d m in i s t r a t io n  o f  e n t e r a l  feeds in  
h o s p i t a l s  and a l s o  s e v e r a l  p o t e n t i a l  s o u r c e s  o f  m i c r o b i a l
c o n t a m i n a t i o n .  These  i n c l u d e d  t h e  fe e d  i n g r e d i e n t s ,  i n a d e q u a t e l y  
c leaned  k i t c h e n  equipment and poor h a n d l i n g  p r o c e d u r e s  such  as  
r e - u s e  o f  n u t r i e n t  c o n t a i n e r s  and s t o r a g e  o f  n o n - s t e r i l e  feeds a t  
ambient tempera ture  fo r  up t o  12h p r i o r  to  a d m in i s t r a t i o n .
The m ic ro b io lo g ica l  q u a l i t y  of  19 commonly used e n t e r a l  feeds and 
feed in g r e d i e n t s  was examined. T h i r t e e n  o f  t h e  p r o d u c t s  y i e l d e d  no 
v i a b l e  m i c r o - o r g a n i s m s ,  w h i l e  s i x ,  a l l  o f  which were powders
con ta in ing  milk o r  whey p r o t e i n s ,  gave a e r o b i c  v i a b l e  c o u n t s  from 
50-3000  c f u  g - 1 .  The main organisms i s o l a t e d  were S ta p h , a lbus  and 
aerob ic  sporeformers  such as c e r e u s .
S t u d i e s  of  the  growth of  b a c t e r i a  in  exper im en ta l ly  contaminated 
e n t e r a l  feeds  showed no in c re a s e  in  numbers of  any of th e  organisms i n  
any of  t h e  f e e d s  o v e r  24h a t  4^C. However, a l l  t h e  o rg an ism s  
m u l t ip l i e d  r a p i d l y  i n  b o th  C l i n i f e e d  ISO and T r i o s o r b o n  a t  25 and 
37°C, The re  was l e s s  rap id  growth in  h a l f - s t r e n g t h  Vivonex Standard
(x)
a t  25°C, a l though a t  37°C a l l  s t r a i n s  grew r a p i d l y  except fo r  those  of 
S t a p h , a u r e u s . In  f u l l  s t r e n g t h  Vivonex Standard a t  25®C only Ps 
a e r u g i n o s a  showed any i n c r e a s e  i n  numbers over  24h , w hereas  Ps 
a e r u g i n o s a , _K. a e r o g e n e s  and E n t . c l o a c a e  a l l  m u l t i p l i e d  a t  37°C. 
Thus b a c t e r i a  s u r v i v e  and may m u l t ip ly  even in  feeds  with low pH and 
high osm ola r i ty .
The growth of  E^ . c o l i  and St aph. aureus during 8h under simulated 
ward c o n d i t i o n s  was compared i n  f e e d i n g  sys tem s  c o n ta in in g  e i t h e r  
C l i n i f e e d  ISO o r  N u t r i e n t  Broth .  In both ,  counts  inc reased  from 10^ 
t o  1 o7 c f u  m l"1 .  O the r  sy s te m s  c o n t a i n i n g  C l i n i f e e d  ISO were 
i n o c u l a t e d  w i th  _S. c o l i  or S t a p h . aureus  and sampled over 24h. At 8 
and l6h t h e  contaminated n u t r i e n t  co n ta in e r  was rep laced ,  r e f i l l e d  or 
r e p l a c e d  t o g e t h e r  w i th  t h e  g i v i n g  s e t .  When t h e  c o n t a i n e r  was
r e p l a c e d  o r  r e f i l l e d  i t  was found always to  have been recontaminated
by r e s id u a l  organisms. Even when the  n u t r i e n t  c o n t a i n e r  and g i v i n g  
s e t  were r e p l a c e d ,  a l t h o u g h  t h e  c o n t e n t s  o f  t h e  c o n t a i n e r  were 
s t e r i l e ,  _E. c o l i  o r  S t  a p h . a u r e u s  were s t i l l  d e t e c t e d  in  feed
c o l l e c t e d  from the  end of the  f i n e - b o r e  tube .  Experiments with vary ing
numbers of  c o l i  or St aph, aureus  in  the  inoculum demonstrated t h a t  
even a s i n g l e  v ia b le  b a c t e r i a l  c e l l  in  the  n u t r i e n t  c o n ta in e r  could ,  
w i th in  l6h,  m u l t ip ly  to  a l e v e l  t h a t  might be h a r m f u l ,  e s p e c i a l l y  t o  
ccanprcmised p a t i e n t s .
A s i x  month su rv e y  o f  t h e  m i c r o b i a l  q u a l i t y  o f  e n t e r a l  feeds 
a d m i n i s t e r e d  in  t h e  I n t e n s i v e  Therapy  Unit  o f  a l o c a l  h o s p i t a l  
r e v e a l e d  l e v e l s  of  contaminat ion  which ranged from 4 .5  x 10^ -  2.2 x
Cxi)
103 c f u  m l ' l  o f  r e s i d u a l  feed  in  the  n u t r i e n t  c o n ta i n e r .  These low 
l e v e l s  o f  c o n t a m i n a t i o n  may have  been b e ca u se  o n ly  s t e r i l e ,  
co m m e rc i a l ly  prepared feeds  and s t e r i l e  feeding s e t s  were used in  the  
ITU. Nonetheless they  demonstrated t h a t  c o n t a m i n a t i o n  was o c c u r r i n g  
dur ing the  handl ing of  the  feeding s e t s  in  the  ward.
The f e a s i b i l i t y  o f  a dd ing  food c o l o u r i n g  t o  e n t e r a l  f e e d s  as  
i n d i c a to r s  of m ic rob ia l  contamination was examined. Experiments using 
T r i o s o r b o n ,  C l i n i f e e d  ISO o r  Vivonex S ta n d a rd  p lu s  am aran th ,  
c a r m o i s i n e ,  ponceau 4R, sunse t  yellow FCF, t a r t r a z i n e  or e ry th ro s in e  
demonstrated t h a t  a l though th e  change in  appearance of  coloured feeds  
c o u ld  be l i n k e d  w i th  the  presence  of high numbers of b a c t e r i a  in  the  
feeds ,  the  converse was not always t r u e .
Adhesion  s t u d i e s  on th e  equipment used fo r  the  a d m in i s t r a t io n  of 
e n t e r a l  f e e d s  showed t h a t  r e s i d u a l  feed  a n d / o r  m i c r o - o r g a n i s m s  
a d h e r i n g  t o  t h e  i n n e r  s u r f a c e s  o f  used n u t r i e n t  c o n t a i n e r s  could 
contaminate  f r e s h  s t e r i l e  feed used to  r e - f i l l  the  c o n ta i n e r .  Scanning 
e l e c t r o n  microscope s tu d i e s  of the  inner  and ou te r  s u r fa ce  topography 
of e n t e r a l  feed ing  tubes  revea led  t h a t  a wide r a n g e  o f  c o m m e rc i a l ly  
a v a i l a b l e  t u b e s  have s u r f a c e  i r r e g u l a r i t i e s  l a r g e  enough to  t rap  
micro-organisms and food p a r t i c l e s .  Both the  in n e r  and ou te r  su r f a c e s  
o f  PVC, rad io-opaque  PVC and rad io-opaque polyure thane  tubes  had many 
su r face  i r r e g u l a r i t i e s  in c lud ing  l o n g i tu d in a l  r i d g e s ,  r e t i c u l a t i o n s ,  
f i s s u r e s ,  p i t s  and ro u g h n e s s  due to  p a r t i c l e s  o f  th e  radio-opaque 
m a te r i a l .  By c o n t r a s t ,  the  s u r f a c e s  o f  t h e  s i l i c o n e  t u b e s  ap p ea red  
f a i r l y  smooth .  Tubes which had been p e r f u s e d  w i th  or immersed in
( x i i )
T r i o s o r b o n  or  C l i n i f e e d  ISO exper im en ta l ly  contaminated with _E. c o l i  
o r  S tap h , aureus  fo r  24h showed pa tches  of r e s id u a l  feed and b a c t e r i a l  
c e l l s  on t h e i r  s u r fa ce s .
F i n a l l y ,  in  the  l i g h t  of the  exper imenta l  s t u d i e s  and the  surveys 
o f  h o s p i t a l  p r a c t i c e ,  recom m enda t ions  f o r  t h e  h a n d l i n g  and 
a d m i n i s t r a t i o n  o f  e n t e r a l  f e e d s  a r e  p r e s e n t e d  which should reduce 
l e v e l s  of  m ic rob ia l  contaminat ion and m in im ise  any c l i n i c a l  e f f e c t s  
i f  contamination occurs .




Good n u t r i t i o n  i s  e s s e n t i a l  fo r  recovery  from i l l n e s s  or in ju r y  
but many h o s p i t a l  p a t i e n t s  a re  unable to  ea t  s u f f i c i e n t  food t o  meet 
t h e i r  n u t r i t i o n a l  req u i rem en ts .  En te ra l  feeding by the  n a so - g a s t r i c  
o r  n a s o - e n t e r i c  r o u t e  p r o v i d e s  an e f f e c t i v e  form of  n u t r i t i o n a l  
s u p p o r t  f o r  p a t i e n t s  whose g a s t r o - i n t e s t i n a l  t r a c t  i s  c a p a b l e  of 
normal absorp t ion  (A l l i son  and Walford  1979) .  The e n t e r a l  r o u t e  i s  
c o n s i d e r e d  t o  be s a f e r  and i s  a l s o  c h e a p e r  th a n  t o t a l  p a r e n t e r a l  
n u t r i t i o n  (B lack e t t  1978, S i lk  1980).
The a d m i n i s t r a t i o n  o f  n u t r i e n t s  v ia  a c a t h e t e r  i n to  th e  pharynx 
or oesophagus da tes  back a t  l e a s t  as f a r  as a r e p o r t  by Capivacceus i n  
1598  o f  f e e d i n g  th r o u g h  a ho l low  tube a t tached  to  an animal b ladder  
(His 1925) .  Nearly two c e n t u r i e s  l a t e r ,  i n  1776, John Hunter desc r ibed  
t h e  use  o f  a ho l low  ’ b o u g i e ’ and s y r i n g e  f o r  conveying s p i r i t s  of 
h a r t s h o r n , p e p p e rm in t  w a t e r ,  j u i c e  o f  h o r s e - r a d i s h ,  ba lsam s  and 
t u r p e n t i n e s  i n t o  t h e  s tom achs  of p a t i e n t s  recover ing  from drowning. 
Hunter l a t e r  a c h i e v e d  t o t a l  n a s o - g a s t r i c  n u t r i t i o n  i n  a man w i th  
p a r a l y t i c  dysphagia (Hunter 1790). Hunter proposed t h a t
'a  hollow f le x ib le  tiÂte should he passed in to  the stomaoh, 
through which he (th e  p a tien t)  might rece ive  nourishment 
and medicines^ and 'recommended when the tube was madCj to  
ingect g e llie s^  eggs beat up with a l i t t l e  loater^ sugarj 
and m ilk j or wincj by way o f  foodj and th a t the medicines 
might be mixed with i t ' ,
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In  a d e s c r i p t i o n  o f  t h e  p r o c e d u r e  employed, Hun te r  (1790) 
repo r ted  t h a t
'The instrument mode use o f  was a fresh  e e l- s k in , o f  ra th er  
a smalt size^  drawn over a probang^ and t ie d  up a t the end 
where i t  covered the sponge^ and t ie d  again c lo se  to  the  
sponge where i t  i s  fasten ed  to  the whale-bonej and a small 
longitudinal s l i t  was made in to  i t  gust above th is  upper 
lig a tu re . To the other end o f  the e e l-sk in  was f ix e d  a 
bladder and a wooden pipe^ s im ila r  to  what i s  used in  g ivin g  
a c lys te r^  only the p ipe large enough to l e t  th e end o f  the  
probang pass in to  the bladder without f i l l i n g  up the  
passage. The probang^ thus covered^ was introduced in to  the  
stomachy and the food and medicines were put in to  the 
bladder^ and squeezed down through the eel sk in '.
Hunter a lso  s t a t e d  t h a t
'The instrument d id  not produce ir r i ta t io n  in  the fauces or 
oesophagus; in  such cases the parts  losing  th e ir  natural 
s e n s ib i l i ty  allow greater* l ib e r t i e s  to  he token w ith  them'.
This s ta tement  would re c e iv e  l i t t l e  support  today! For i n s t a n c e ,  
Bateman (1977) r e p o r t s  t h a t  before  th e  in t r o d u c t io n  of  modern p l a s t i c  
n a s o - g a s t r i c  t u b e s ,  l e s s  f l e x i b l e  t u b e s  o f  ru b b e r  were used  and 
g a s t r o i n t e s t i n a l  i n t u b a t i o n  was o f ten  complicated by unpleasant s ide
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e f f e c t s  due to  i n f  lamination a longs ide  the  tube  which could r e s u l t  in  
severe  u l c e r a t i o n  and s t r i c t u r e  formation.
S i n c e  H u n t e r ’ s t i m e ,  i s o l a t e d  r e p o r t s  have a d v o ca te d  s im i l a r  
feed ing  procedures  (reviewed by P e a s to n  1967) but i t  was no t  u n t i l  
1916  t h a t  n a s o - g a s t r i c  feeding was in t roduced  as a r e g u la r  procedure 
in  th e  management of s p e c i f i c  d i s e a s e s .  In t h a t  year  Jones a d v o ca te d  
in t raduodena l  feeding  by cont inuous d r ip  fo r  the  t rea tm en t  of a pep t ic  
u l c e r .  S u b s e q u e n t l y ,  W i n k e l s t e i n  (1933) d e s c r i b e d  t h e  use  of  a 
s tandard  n a s o - g a s t r i c  milk d r ip .
In  r e c e n t  y e a r s ,  t h e  a v a i l a b i l i t y  o f  f i n e - b o r e  and f l e x i b l e  
p l a s t i c  tubes ,  and an i n c r e a s i n g  a w aren ess  o f  t h e  d e f i c i e n c i e s  o f  
p ro lo n g e d  i n t r a v e n o u s  f e e d i n g  as th e  so le  source of nourishment fo r  
p a t i e n t s  has led to  a s teady  in c re a s e  in  the  use o f  n a s o - g a s t r i c  and 
n a s o - e n t e r i c  f e e d s  (Anon 1982, Bastow,  Greaves  and A l l i son  1982), 
However, th e  composit ion of these  feeds  i s  such t h a t  once contaminated 
with micro-organisms lu x u r i a n t  growth i s  l i a b l e  to  occur (White £ t  a l . 
1 9 7 9 , F u r t a d o ,  P a r r i s h  and Beyer 1 9 8 O, Simmons 1981, Bastow e t  a l . 
1 9 8 2 , S tanek  £ t  1983) .  There  i s  a n x i e t y ,  t h e r e f o r e ,  t h a t  tube
f e e d s  may p r o v i d e  sou rces  of i n f e c t i o n  which a re  a p a r t i c u l a r  danger 
t o  t h e  d e b i l i t a t e d  o r  compromised p a t i e n t  (C a se w e l l  and P h i l l i p s  
1 9 7 8 a ,  1 9 7 8 b, Casewel l  1979, P o t t e c h e r  e t  a l .  1979, Casewell , Cooper 
and W ebs te r  1 9 8 I ,  Bastow _e^ 1982) .  P o t e n t i a l  h a z a r d s  t o  t h e
p a t i e n t  in c lu d e  c o l o n i s a t i o n  and i n f e c t i o n  by o p p o r tu n i s t i c  pathogens 
( C a s e w e l l  e^_t . 1 9 8 I)  a n d / o r  food p o i s o n i n g  due to  b a c t e r i a l
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e n t e r o t o x i n s , Recent  r e p o r t s  i n d i c a t e  t h a t  g ross  contaminat ion of 
both commercial and home-made feeds  may occur ,  w i th  b a c t e r i a l  c o u n t s  
up to  1 o rg a n ism s  ml*^ (F ason  1967, Casewell  and P h i l l i p s  1978a, 
1978b, Casew el l  1979, P o t t e c h e r  _e^ 1979, Schre iner  _et 1979,
F u r t a d o  ^et 1980, C asew el l  a^. 1981 , Bastow 1982,
H o e s t e t l e r  _e^ _a^. 1 9 8 2 ) .  Some of the  micro-organisms i s o l a t e d  from 
e n t e r a l  feeds a re  l i s t e d  in  Table 1.
1.2 CONTAMINATION OF ENTERAL FEEDS : RECOGNITION OF THE PROBLEM
C o n ta m in a t io n  o f  n a s o - g a s t r i c  feeds  was f i r s t  repo r ted  by Fason 
( 1967) who, in  a s tu d y  o f  d i s p o s a b l e  f e e d i n g  b a g s ,  found t h a t  t h e  
r e s i d u e  a f t e r  24h had a cou n t  o f  1 .7  x 10^ o rg a n i sm s  ml” ”*. The 
organisms were predominantly co l i fo rm s  with a few Gram-posit ive  c e l l s .  
A l though  t h e s e  r e s u l t s  might  be q u e r i e d  b e ca u se  p r i o r  to  
b a c t e r i o l o g i c a l  e x a m i n a t io n  t h e  t e s t  sample  was l e f t  a t  room 
t e m p e r a t u r e  f o r  an e x te n d e d  p e r i o d  o f  t ime,  a p o t e n t i a l  hazard had 
been h i g h l i g h t e d .  S u b s e q u e n t l y ,  m i l k - b a s e d  f e e d s  were found t o  be 
c o n ta m in a t e d  during i n v e s t i g a t i o n s  of  feeds  prepared in  h o s p i t a l  d i e t  
k i t c h e n s  (Cooke _et 1970, S h o o t e r  jet 1971) .  In  1970,
Montgomerie  _et s t a t e d  t h a t  l a r g e  numbers of k l e b s i e l l a e  had been
found in  m i lk  s h ak e s  prepared in  a contaminated mixer in  a h o s p i t a l .  
S u r p r i s in g ly ,  t h e r e f o r e ,  l i t t l e  d e t a i l e d  work on types and s o u r c e s  o f  
c o n t a m i n a t i o n  seems t o  have  been c a r r i e d  out u n t i l  Casewell (1977) 
d e m o n s t r a t e d  t h a t  n a s o - g a s t r i c  f e e d s  were a s o u r c e  of K l e b s i e l l a  
i n f e c t i o n  fo r  in te n s iv e  care  p a t i e n t s .
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TABLE 1 Examples of micro-organisms iso la ted  from enteral feeds
Organism References
E n te robac te r  spp. 3, 4, 5 , 6, 1 1 , 1 2 , 13
E sc h e r ich ia  c o l i 3, 4, 8, 12, 13
K le b s i e l l a  spp. 1» 2, 3, 4, 11, 12, 13
Pro teus  spp. 3, 8, 12
Salmonel la  e n t e r i t i d i s 7
Pseudomonas spp. 3, 4, 11, 12, 13, 14
Moraxella spp. 3
B a c i l lu s  spp. 4, 8, 11, 12, 13
Staphylococcus aureus 4, 8, 10, 11, 12
Staphylococcus epider ra id is 4, 5, 8, 9, 11, 12, 13
S trep tococcus  spp. 4, 8, 12, 13
Yeasts 10 , 12, 13, 14
Key to r e f e re n ce s 1. Casewell 1977.
2.  Casewell and P h i l l i p s  1978a, b
3. P o t t ec h e r  £ t  £ l .  1979.
4.  Schre ine r  _et _al. 1979
5. White e t  1979
6. Casewell ^  1981.
7.  G i l l  and G i l l  1981.
8.  Bastow _et 1982.
9. H o e s te t l e r  _et 1982.
10. Keighley e t  _al. 1982.
11. Gibbs 1983 .
12. Schroeder £ t  I9 8 3 .
1 3 . Anderson £ t  £ l .  1984.
14. Mandai e t  a l .  1985.
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In  t h e  e a r l y  1970*s t h e r e  a p p e a r s  t o  have been l i t t l e  concern 
expressed in  th e  l i t e r a t u r e  about contamination of n a s o - g a s t r i c  feeds .  
Notwithstanding the  s ta tement  by Cheek and Staub (1973) t h a t  b a c t e r i a l  
complica t ions  were no t  common in  n e o n a t e s  fed  by t h e  n a s o j e j e u n a l  
r o u t e ,  Challacorabe  (1974) n o te d  t h a t  w i th in  24h of i n s e r t i o n  of the  
t u b e  t h e r e  was an i n c r e a s e  in  the  c o l i  in  th e  duodenal m ic ro f lo ra  
o f  i n f a n t s  fed  by t h e  nasoduodenal ro u te .  Also Chen and Wong (1974) 
rep o r ted  i n t e s t i n a l  complica t ions  in  four low -b i r th -w eigh t  i n f a n t s  who 
d i e d  w h i l e  b e in g  fed by t h e  n a so je je u n a l  r o u te ,  en teropathogenic  
c o l i  b e in g  i s o l a t e d  from a b lood c u l t u r e  o f  one o f  th e se  i n f a n t s .  
C o n v e r s e l y ,  Well s  and Zachman (1975) s t a t e d  t h a t  b a c t e r i a l  
complica t ions  were not seen in  a c o n t r o l l e d  study of n a s o j e j e u n a l  and 
n a s o - g a s t r i c  tube feeding i n  21 low -b i r th -w e igh t  i n f a n t s  a lthough they 
did not examine g a s t r o i n t e s t i n a l  c u l tu r e s  to  d e t e c t  p o s s i b l e  changes  
in  f l o r a  as suggested by Challacombe (1974).
In the  f i r s t  d e t a i l e d  s t u d y  o f  c o n t a m i n a t i o n  o f  n a s o - g a s t r i c  
f e e d s  (C a se w e l l  1977, C asew e l l  and P h i l l i p s  1978a, 1978b, Casewell 
1979) i t  was found t h a t  of  47 samples of  feeds p r e p a r e d  f o r  p a t i e n t s  
i n  an i n t e n s i v e  c a r e  u n i t ,  32 (68%) were contaminated with up to  10^ 
k l e b s i e l l a e  ml~1. C o n ta m in a t io n  was t r a c e d  to the  l i q u i d i s e r ,  d i sh  
c l o t h s  and work s u r f a c e s  i n  t h e  d i e t  k i t c h e n ,  and i t  was a l s o  
d e m o n s t r a t e d  t h a t  t h e  hands  o f  the  s t a f f  of the  in t e n s iv e  care  u n i t  
were  c o n ta m in a t e d  w i th  K l e b s i e l l a  spp. (Casewell  and P h i l l i p s  1977). 
N a s o - g a s t r i c  f e e d s  c o n ta m in a t e d  w i th  E n t e r o b a c t e r  c l o a c a e  were
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r e p o r t e d  by Casew el l  _et « (1981) as the  cause o f  sep t icaem ia  in  a 
p a t i e n t  i n  an i n t e n s i v e  c a r e  u n i t ,  10^ -  10^ mixed coli forms ml"1 
being d e tec ted  in  a sample of th e  feed .  The sou rce  o f  c o n t a m i n a t i o n  
was a d e t e r g e n t  d i s p e n s e r  in  the  d i e t  k i tchen  which had contaminated 
the  blender  head, s iev e  and jug used in  th e  p rep a ra t io n  of the  f eeds .
C o n ta m in a t io n  o f  n a s o - g a s t r i c  f e e d s  was a lso  demonstrated by 
P o t t e c h e r  _e^ ( 1979) d u r i n g  an i n v e s t i g a t i o n  o f  i n f e c t i o u s
e n t e r o c o l i t i s  in  an i n t e n s i v e  care  u n i t  where i t  was found t h a t  feeds 
p r e p a r e d  i n  t h e  d i e t  k i t c h e n  were c o n ta m in a t e d  w i th  105 -  10^ 
organisms ml'*’' ,  inc lud ing  K le b s i e l l a  sp p . ,  E. c o l i , En te robac te r  sp p . ,  
P r o t e u s  spp .  , 2 2  a e r u g i n o s a  and M o r a x e l l a  spp. The g r a v i ty  of the  
p rob lem was em phas ised  by t h e  counts  of 10^ -  10^ organisms ml” ’' i n  
th e  feeds  given to  p a t i e n t s  in  the  i n t e n s iv e  ca re  u n i t ,  t h e  i n c r e a s e  
i n  numbers apparen t ly  occur r ing  dur ing  the  n o n - r e f r ig e r a t e d  t r a n s p o r t  
to  the  u n i t  and f u r t h e r  h a n d l i n g  of  t h e  feed  in  t h e  u n i t  p r i o r  t o  
a d m i n i s t r a t i o n ,
Many of  t h e  r e c e n t  r e p o r t s  o f  c o n t a m i n a t i o n  such as  t h o s e  
d iscussed  above, r e f e r  to  feeds  given t o  p a t i e n t s  i n  i n t e n s i v e  c a r e  
u n i t s .  These p a t i e n t s  a r e  v e ry  s u s c e p t i b l e  to  c o l o n i s a t i o n  and 
i n f e c t i o n ,  i n f a n t s  b e in g  p a r t i c u l a r l y  a t  r i s k .  For example ,  
e x a m i n a t i o n  of t h e  n a s o - g a s t r i c  d r ip  feed admin is te red to  an i n fa n t  
t h a t  had become colonised  w i th  b o th  jS ' -haeraoly tic  s t r e p t o c o c c i  and 
S t a p h . a u r e u s  y i e l d e d  counts  o f  more than 10^ organisms ml"^ of feed
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f o r  b o th  o rg a n ism s  ( S ch re in e r  _al* 1979). A f u r t h e r  survey in  the  
same n e o n a t a l  i n t e n s i v e  care  u n i t  revea led  t h a t  176 (33%) o f  576 feed 
samples obta ined  from the  d r ip  chambers were contaminated.  Among t h e  
o rg a n i s m s  i s o l a t e d  were B a c i l l u s  s p p . ,  S t a p h . e p i d e r m i d i s , Ps 
a e r u g i n o s a , K_* pneumoniae, E n te robac te r  spp. and _E* OQli, the  numbers 
r a n g i n g  from 20 t o  more th a n  5 x 1q3 organisms ml” 1. The hands of 
nurses  working in  t h i s  u n i t  were c o l o n i s e d  w i th  a s i m i l a r  r a n g e  o f  
o r g a n i s m s ,  a l l  bu t  one o f  t h e  93 n u r s e s  examined h a v in g  S t a p h . 
ep iderm id is  on one or  both of  t h e i r  hands.
S t a p h . e p i d e r m i d i s  was i s o l a t e d  from n a s o - g a s t r i c  feeds  i n  a 
p r e l i m i n a r y  study i n t o  sources  of b a c t e r i a l  contamination c a r r i e d  out 
by White  jet  ^ a l . ( 1979).  Commercially a v a i l a b l e  s t e r i l e  formulae were 
r e p a c k a g e d  i n t o  5 x 1  l i t r e  p l a s t i c  c o n t a i n e r s  i n  t h e  pharmacy 
d e p a r t m e n t s  o f  two s e p a r a t e  h o s p i t a l s  f o l l o w i n g  which th e y  were 
sampled  and a n a l y s e d  m i c r o b i o  l o g i c  a l l  y a t  r e g u la r  i n t e r v a l s  over a 
per iod  of 48h. All  5 of th e  p l a s t i c  bags frcxn one h o s p i t a l  u l t i m a t e l y  
showed growth of S ta p h , ep iderm id is  while  only one p l a s t i c  b o t t l e  from 
t h e  o t h e r  h o s p i t a l  showed growth, E n t . agglomerans being d e tec ted  in  
t h e  12h sample.  White _eb _al' (1979) suggested t h a t  S taph , ep iderm id is  
may have o r ig i n a t e d  from th e  p h a rm a c is t ' s  hands or from th e  o u t s id e  of 
the  tub ing  used to  t r a n s f e r  th e  feed from the  can t o  t h e  p l a s t i c  bag 
s in c e ,  al though the  can and can opener were swabbed and flamed and th e  
procedure  was c a r r i e d  out u nde r  a l a m i n a r  f low hood,  no p a r t i c u l a r  
a t t e m p t  was made t o  ensure  t h a t  e i t h e r  the  pha rm ac is t ’s hands or the
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t u b i n g  were, -free  ^ . In  t h e  second h o s p i t a l ,  t h e  E n t . agglomerans
could have reached the  feed from th e  hands of  the  p h a rm a c is t , from a i r  
contamination s in ce  t h e r e  was no lam in a r  f low hood, o r  from t h e  can  
opener which was not swabbed. Thus even commercially prepared s t e r i l e  
formulae a re  l i k e l y  to  become con tam ina ted  d u r i n g  t h e  p r o c e d u r e s  o f  
mixing or d i l u t i n g  the  feed and f i l l i n g  th e  n u t r i e n t  c o n ta in e r .
Bastow £ l . ( 1 9 8 2 ) made a d e t a i l e d  co m par ison  of  b a c t e r i a l  
c o n t a m i n a t i o n  of  f e e d s  p r e p a r e d  in  th e  d i e t  k i tchen  with  commercial 
feeds  poured s t r a i g h t  from th e  can on the  ward. All feeds  prepared i n  
t h e  d i e t  k i t c h e n  were  c o n t a m i n a t e d  w i th  10^ -  10^ o rg a n i s m s  ral*"^  
immediately a f t e r  p r e p a r a t io n ,  but no v ia b le  organisms were d e t e c t e d  
i n  th e  s t e r i l e  commercial feed .  Organisms i s o l a t e d  from th e  home-made 
f e e d s  i n c l u d e d  a e r o g e n e s , Staph, e p id e r m id i s , S taph , a u r e u s , S t r . 
f a e c a l i s  and Pro teus  spp. S im i l a r ly ,  in  a comparison of a commercial 
p r e p a r a t i o n  and a home-made feed Keighley e t  (1982) r e p o r t e d  t h a t  
t h e r e  was no c o n t a m i n a t i o n  o f  t h e  com m erc ia l  f e e d  bu t  t h a t  t h e  
contaminat ion  of  th e  home-made feeds  with y e as t s  and S tap h , aureus  led 
t o  s e v e r e  i n t e s t i n a l  d i s t u r b a n c e  in  the  p a t i e n t s  to  which they were 
adm in is te red .
G i l l  and G i l l  ( I 9 8 I )  r e p o r t e d  a case of Salmonella  e n t e r i t i d i s  
i n f e c t i o n  a s so c ia ted  with  an e n t e r a l  feed prepared in  a h o s p i t a l  d i e t  
k i t c h e n .  They s u g g e s t e d  t h a t  c o n t a m i n a t i o n  o f  t h e  feed  may have 
o c c u r r e d  from an undetec ted human source,  from the  su r face  of th e  raw
- 9 -
eggs  used or  by o r o s s - o o n t a m i n a t i o n  i n  t h e  d i e t  k i t c h e n .  
B a c t e r i o l o g i c a l  e x a m i n a t i o n  o f  e n t e r a l  feeds  y ie lded  counts of  10^ 
- loG  organ ism s  ml” ”' ,  t h e  predominant organisms being co l i fo rm s  and Ps 
a e r u g i n o s a . C o n v e r se ly ,  Broom and Jones  (1981) r e p o r te d  t h a t  a l l  of 
t h e  home-made f e e d s  ( a l l  o f  which c o n t a i n e d  raw eggs)  t h a t  t h e y  
sampled were comple te ly  f r e e  from G r a m -n e g a t iv e  b a c t e r i a ;  how ever ,  
they  do not mention whether any o th e r  micro-organisms were i s o l a t e d .
1.3 SOURCES OF CONTAMINATION
In  exam in ing  t h e  r o u t e s  by which n a s o - g a s t r i c  feeds  may become 
contaminated ,  i t  s h o u ld  be n o te d  t h a t  t h e r e  a r e  many s i m i l a r i t i e s  
between a d m in i s t r a t i o n  s e t s  used fo r  n a s o - g a s t r i c  feeds  and those  used 
f o r  i n t r a v e n o u s  i n f u s i o n s  and many o f  t h e  o p p o r t u n i t i e s  f o r  
c o n t a m i n a t i o n  a r e  a l s o  s i m i l a r .  The problem o f  m i c r o b i a l  
c o n t a m i n a t i o n  o f  i n t r a v e n o u s  i n f u s i o n s  has  been  t h e  s u b j e c t  o f  
i n t e n s i v e  s tudy (Michaels and Ruebner 1953, P h i l l i p s ,  Meers and D’Arcy 
1976, Johnston 1978, Holmes and Allwood 1979) and many of th e  f in d i n g s  
i n  t h i s  a r e a  can eq u a l ly  well  be ap p l ied  to  n a s o - g a s t r i c  feed s .  I t  i s  
a l s o  worth  n o t i n g  t h a t  a l t h o u g h  t h e  r o u t e  o f  a d m i n i s t r a t i o n  o f  
n a s o - g a s t r i c  feeds i s  th e  d i g e s t i v e  t r a c t  r a t h e r  than the  bloodstream, 
th e se  e n t e r a l  f e e d s  p r o v i d e  a much r i c h e r  s o u r c e  o f  n u t r i e n t s  f o r  
c o n t a m i n a t i n g  m i c r o - o r g a n i s m s  t h a n  t h a t  p ro v id e d  by i n t r a v e n o u s  
in f u s io n s  and, once contaminated ,  r a p id  growth may occur .  For example  
White e t  a l .  (1979) i n o c u la ted  a commercial feed with a pure s t r a i n  of
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s t a p h , a u r e u s , adding 10^ organisms to  1000 ml of  s o lu t io n .  Af te r  24h 
a t  37®C a v i a b l e  coun t  of 8 .2  x 105 ml” T, or n ea r ly  10^ organisms in  
the  whole c o n ta i n e r ,  was ob ta ined .
P o t e n t i a l  sources  o f  contaminat ion of  th e se  feeds  a re  summarised 
in  F igure  1 and w i l l  now be d iscussed  in  more d e t a i l .
Hosp i ta l  Kitchens
C ase w e l l  (1977) r e p o r t e d  t h a t  th e  main source of k l e b s i e l l a e  in 
food was th e  h o s p i t a l  k i t ch en s  where l i q u i d i s e r s ,  ice-cream u t e n s i l s ,  
d i s h c l o t h s  and work s u r f a c e s  provided a r e s e r v o i r  o f  t h e se  organisms 
which were o f  t h e  same c a p s u l a r  ty p e  as  i s o l a t e d  from t h e  f e e d s .  
N a s o - g a s t r i c  f e e d s  were  p r e p a r e d  i n  a s e p a r a t e  d i e t  k i t c h e n  and 
k l e b s i e l l a e  could not be demonstrated i n  any of th e  n a s o - g a s t r i c  f e e d  
i n g r e d i e n t s .  However, t y p e  10 (commonly found i n  ward n a s o - g a s t r i c  
feeds)  was i s o l a t e d  from th e  c leaned homogeniser,  th e  working s u r f a c e  
and a d i s h c l o t h  i n  a d i e t  k i t c h e n  (C asew el l  1977). Organisms were 
a l so  i s o l a t e d  from a c u t t i n g  k n i f e ,  a sc rap ing  machine and a cho p p in g  
b o a r d .  In  a s u r v e y  o f  a h o s p i t a l  k i t c h e n  by Cooke . ( 1980)
K l e b s i e l l a  spp .  were i s o l a t e d  from s u r f a c e s ,  u t e n s i l s ,  s i n k s  and 
washing-up water .
In  a s tu d y  o f  e i g h t  h o s p i t a l s ,  e leven canteens  and two schoo ls .  
S h o o t e r  e t  (1971)  i s o l a t e d  E, c o l i  from 37 o f  214 samples,  Ps
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sam p les  t a k e n  i n  a l i m i t e d  environmenta l  survey in  which swabs from 
t a p s ,  s in k s ,  washing-up w a t e r ,  p u d d le s  o f  w a te r  i n  bow ls ,  c hopp ing  
b locks  and s l i c i n g  machines were examined.
Contamination of feeds  o f t e n  occurs  dur ing mixing and/or d i l u t i n g  
( C a s e w e l l  ^  • 1981, Bastow jet _al. 1982) and contaminat ion of the
m i x e r s  and l i q u i d i s e r s  used  i n  the  p re p a ra t io n  of  h o s p i t a l  food has 
been  r e p o r t e d  by a number o f  a u t h o r s  (Montgomerie  _al* 1970, 
Casewell  1977, Casewell and P h i l l i p s  1977, Sharpe, C o l l i e r  and G i l b e r t  
1979, C asew e l l  _e1^  a l . 1981, Bastow ^  1982). In 1979 a h o s p i t a l
o u t b r e a k  o f  s a l m o n e l l a  food p o i s o n i n g  was t ra ced  to  a contaminated 
l i q u i d i s e r  (Sharpe _et £ l .  1979).
N a s o - g a s t r i c  feeds  may sometimes be l e f t  a t  room tem pera tu re  fo r  
s e v e ra l  hours before  r e f r i g e r a t i o n ,  and f e e d s  a r e  o f t e n  i n g e s t e d  by 
p a t i e n t s  t h e  day f o l l o w i n g  p r e p a r a t i o n .  Delay in  t r a n s p o r t  to  the  
ward p r o v i d e s  a f u r t h e r  o p p o r t u n i t y  f o r  b a c t e r i a l  m u l t i p l i c a t i o n  
(P o t t e ch e r  ^  1979, Anon 1982).
H osp i ta l  Wards
E n v i r o n m e n ta l  s am p les  t h a t  have  y i e l d e d  K l e b s i e l l a  s p p . ,  Ps 
a e r u g i n o s a  and o t h e r  G ra m -n e g a t iv e  b a c i l l i  inc lude  ’ s t e r i l e  w a te r ’ , 
h e x a c h l o r o p h e n e  soap  d i s p e n s e r s  and s i n k  t r a p s  (Kresky 1 9 64) .  
K l e b s i e l l a  spp. have been i s o l a t e d  from ward s in k s ,  soap, d i s h c l o t h s ,  
s i n k  h a n d l e s ,  a pH m e te r ,  a f lower  vase ,  h o r i z o n ta l  s u r f a c e s ,  f l o o r s  
and a ba th tub (Adler e t  a l .  1970, Selden e t  a l .  1971, Casewell 1977).
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The w a te r  in  h o s p i t a l  f l o w e r  v a s e s  has  been shown to  con ta in  
G ra m -n e g a t iv e  b a c i l l i ,  with counts  ranging fran  10^ to  10^® organisms 
ml"1 and s p e c i e s  i d e n t i f i e d  in c lu d in g  Ps ae ru g in o sa , Ps c e p a c i a , Ps 
a l c a l i g e n e s , Aeromonas h y d ro p h i l a , A c ine tobac ter  s p p . ,  Flavobacterium 
sp p .  , _E, c o l i , _K. ozoena  and P r o t e u s  m i r a b i l i s  ( T a p l i n  and Mertz 
1973) .  Hughes (1974)  d e m o n s t r a t e d  t h a t  a l t h o u g h  b a c t e r i a  did not 
d i sp e r se  from the  flowers themselves ,  t h e  vase  w a te r  became h e a v i l y  
c o n t a m i n a t e d  w i t h  up to  10^0 o r g a n i s m s  ml"^. As a r e s u l t  the  ward 
s inks  where the  water was changed became co n tam in a ted .  He s u g g e s t e d  
t h a t  f l o w e r  vase water should be t r e a t e d  with "\% h y p o c h lo r i t e ,  should 
not be disposed of  in  hand bas ins  or ward s in k s ,  and s p i l l e d  f l o w e r  
v a se  w a t e r  s h o u ld  be mopped up and d i s i n f e c t e d  as c a r e f u l l y  as blood 
or e x c re ta .
Feed in g r e d ie n t s
There  a r e  two main t y p e s  o f  e n t e r a l  feed a v a i l a b l e ,  those  t h a t  
a re  commercially made and t h o s e  p roduced  l o c a l l y  i n  t h e  h o s p i t a l  
i t s e l f  ( o f t e n  c a l l e d  home-made f e e d s ) .  Many h o s p i t a l s  are  now using 
the  c o m m e r c i a l l y  made f e e d s .  In a s u r v e y  o f  72 h o s p i t a l s  i n  t h e  
U n i te d  Kingdom, T r e d g e r ,  Baz in  and D ic k e r s o n  (1981) found t h a t  17 
(24%) of h o s p i t a l s  used mainly commercial p rep a ra t io n s  and a n o t h e r  17 
used  commercial  p r e p a ra t io n s  as o f t e n  as h o s p i t a l -p re p a r e d  feeds .  The 
commercially-made feeds  a re  n u t r i t i o n a l l y  a d e q u a t e ,  ready -m ade  and 
s t e r i l e  (W hite  _e^ 1979, Bastow _et 1982, Mandai e t  a l . 1985)
b u t  a r e  r e l a t i v e l y  e x p e n s i v e .  Tredger e t  a l .  ( I 9 8 I)  found t h a t  the
- 13 -
r e m a i n i n g  38 (53%) h o s p i t a l s  i n  t h e i r  survey used h o s p i t a l - p r e p a r e d  
feeds  most f r e q u e n t l y .  They a l s o  r e p o r t  t h a t  o f  t h e  55 h o s p i t a l s  
p r e p a r i n g  t h e i r  own tu b e  f e e d s ,  43 used  Complan ( F a r l e y  H e a l th  
Products  L td . )  as th e  main p r o te in  source ,  Prosparo l  (Duncan F l o c k a r t  
L td . )  was the  f a t  source  used by 44 and Caloreen (Roussel  L a b o ra to r i e s  
L td . )  c o n t r ib u te d  to  th e  c a r b o h y d r a t e  c o n t e n t  i n  42 .  T h i r t y - o n e  o f  
t h o s e  making t h e i r  own feed  added a v i t a m in  supplement,  13 added a 
m i n e r a l  s u p p lem en t  and 22 added e l e c t r o l y t e s .  Bastow e t  a l .  (1982) 
i d e n t i f i e d  _B. ce reus  and o th e r  spore  formers in  Complan al though th e se  
organisms f a i l e d  to  grow s i g n i f i c a n t l y  during a d m in i s t r a t i o n .
O the r  i n g r e d i e n t s  used  i n  h o s p i t a l - p r e p a r e d  f e e d s  i n c l u d e  
p a s t e u r i s e d  m i l k ,  d r i e d  whole m i lk ,  d r i e d  skim milk ,  raw eggs,  sugar 
and water.
In a milk-based feed made with o rd in a ry  p a s te u r i s e d  milk t h e r e  i s  
t h e  l i k e l i h o o d  t h a t  th e  milk i t s e l f  might be contaminated.  _B. cereus  
may remain a f t e r  p a s t e u r i s a t i o n  (Hobbs and C h r i s t i a n  1973) and both i t  
and E. c o l i  have been found in  s p ra y -d r i e d  skim milk  (Thomson, Harmon 
and S t i n e  1978).
The eggs  used  i n  tu b e  feeds  may be contaminated with  Salmonel la
during and
s p p .  Normal ly  c o n t a m i n a t i o n  o f  eggs ocours j ja f te r  l a y in g ,  e . g .  from 
th e  fa e ca l  m a t te r  of th e  hen o r  t h e  n e s t  l i n i n g  (Hobbs and G i l b e r t
1 9 7 8 ) .  However,  Gordon and Tucker (1965) found t h a t  eggs may become
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contaminated before  l a y i n g .  This i s  th e  r e s u l t  of th e  chicken being a 
c a r r i e r  o f  S a l m o n e l l a  s p p .  which pass  from th e  a l imentary  t r a c t  v i a  
t h e  bloodstream to  the  o v a r i e s  thus  contaminating  the  ova.
Both c o m m e r c i a l l y - p r e p a r e d  and h o s p i t a l - p r e p a r e d  f e e d s  may 
become contaminated i f  u n s t e r i l i s e d  d i s t i l l e d  water i s  added to  them. 
Some sp ec ie s  of Pseudomonas, S e r r a t i a  and a lso  c o l i  have been shown 
t o  m u l t i p l y  in  d i s t i l l e d  water (Bigger and Nelson 1943, Favero e t  a l . 
1971, Carson _a^. 1973, Crichton 1973) and Holmes and Allwood (1979) 
o b s e r v e d  t h a t  f r e s h l y  d i s t i l l e d  water pe rm it ted  th e  m u l t i p l i c a t i o n  of 
c o l i , Ps a e r u g i n o s a  and E n t . a e r o g e n e s . Water may a l s o  be 
c o n t a m i n a t e d  as a r e s u l t  o f  g rowth  o f  m i c r o - o r g a n i s m s  on plumbing 
m a t e r i a l s ,  Burman and Colbourne (1977) found t h a t  C i t r o b a c t e r  f r e u n d i , 
Aeromonas h y d r o p h i l a , Ps aerug inosa  and a number o f  fungi could grow 
on a wide r a n g e  o f  p lumbing  m a t e r i a l s .  They a l so  re p o r te d  t h a t  in  
1974 the  n e u ro su rg ic a l  u n i t  in  a London h o s p i t a l  was u n u s a b l e  u n t i l  
a l l  t h e  j o i n t s  in  th e  system were remade, the  b a c t e r i a l  count a t  21°C 
b e i n g  2 .5  x 105 ml"^ i n  t h e  w a t e r  s u p p l y i n g  th e  surgeon’s scrub-up 
a r e a .
Air and Dust
Air in  h o s p i t a l  wards may con ta in  1-5 micro-organisms 1“  ^ (Davies 
and Noble  1962, Greene _et 1962a, 1962b) and so the  p o s s i b i l i t y  of 
m i c r o - o r g a n i s m s  g a i n i n g  a c c e s s  t o  t h e  c o n te n t s  of  the  n a s o - g a s t r i c  
feed c o n ta in e r s  from th e  a i r  would appear to  be q u i t e  low.  However,
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t h e  number of  b a c t e r i a  and t h e  d i s t r i b u t i o n  o f  v a r i o u s  b a c t e r i a l  
s p ec ie s  depends on where t h e  a i r  sam ples  a r e  t a k e n  i n  t h e  h o s p i t a l  
(G reene  a l . 1962a, 19 6 2 b ) ,  The p re d o m in a n t  t y p e s  o f  a i r b o r n e  
m i c r o - o r g a n i s m s  a r e  G r a m - p o s i t i v e  cocc i  and d ip h th e ro id s  (Greene e t  
a l .  1962b) which o r i g i n a t e  from h o s p i t a l  s t a f f  and p a t i e n t s  (Speers _et 
a l . 1 9 6 5 ) ,  a i r b o r n e  b a c t e r i a  such  as S t a p h . e p i d e r m i d i s  b e in g
l i b e r a t e d  from t h e  human body s u r f a c e  d u r i n g  t h e  shedding of sk in  
s c a l e s  o f  t h e  s t r a t u m  corneum (D av ie s  and Noble 1962) .  A c l o s e  
r e l a t i o n s h i p  has  been demonstrated between ward a c t i v i t y ,  e s p e c i a l l y  
bedmaking, and th e  number of a i rb o rn e  contaminants  (Noble 1962) ;  d u s t  
from c l o th in g  i s  known to  d is sem ina te  a i rb o rn e  micro-organisms (Duguid 
and Wallace 1948).
Holmes and Allwood ( 1979) r e p o r t e d  t h a t  S taph , ep iderm id is  i s  
p r e s e n t  e x t e n s i v e l y  in  t h e  h o s p i t a l  atmosphere and i n  a p re l im ina ry  
s t u d y  of  b a c t e r i a l  growth in  e n t e r a l  n u t r i e n t  s o l u t i o n s ,  White e t  a l .  
( 1 9 7 9 ) i s o l a t e d  S t a p h . e p i d e r m i d i s  from a l l  5 bags o f  feed examined 
from one h o s p i t a l .  S t a p h . e p i d e r m i d i s  has  a lso  been re p o r te d  as a 
c o n t a m i n a n t  i n  e n t e r a l  feeds  examined by Sch re ine r  e t  a l .  ( 1979) and 
Bas tow _elb . ( 1 9 82 ) .  S t a p h . e p i d e r m i d i s  has  r e c e n t l y  been
i m p l i c a t e d  as  a s i g n i f i c a n t  c a u s e  o f  s u r g i c a l  i n f e c t i o n  and o f  
b a c t e r a e m i a  i n  immunocompromised h o s t s  ( C h r i s t e n s e n _ e t  a l .  1982a, 
Winston e t  a l . 1983).
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Holmes and Allwood (1977) d e m o n s t r a t e d  t h a t  s k i n  s c a l e s  a r e  
a t t r a c t e d  on t o  t h e  c o n n e c t o r  n e e d l e s  o f  i n t r a v e n o u s  i n f u s i o n  
a d m i n i s t r a t i o n  s e t s .  They s u g g e s t e d  t h a t  t h i s  a t t r a c t i o n  i s  
e l e c t r o s t a t i c  in  n a tu re  (Lees and Brighton 1972). Holmes and Allwood 
( 1977) a l s o  o b s e r v e d  t h a t  s k i n  s c a l e s  were equa l ly  a t t r a c t e d  to  the  
s u r f a c e s  of  o th e r  m a t e r i a l s  such as b o r o s i l i c a t e  g l a s s ,  n a t u r a l  rubber 
and a lu m in ium .  Thus ,  i t  seems t h a t  an a t t r a c t i o n  e x i s t s  between sk in  
s c a l e s  and s o l i d  s u r f a c e s  and so t h e  s u r f a c e s  o f  n a s o - g a s t r i c  f e e d  
g i v i n g  s e t s  a r e  e q u a l l y  a t  r i s k .  I t  should a l so  be noted t h a t  Noble 
and Davies ( 1965) r e p o r te d  t h a t  sk in  s c a l e s  shed from t h e  body o f  a 
p e r s o n  a s s e m b l in g  or  m anipu la t ing  a system c a r ry  a g r e a t e r  number of 
v i a b l e  m ic ro -o rgan ism s  t h a n  a r e  p r e s e n t  i n  t h e  e n v i r o n m e n t a l  a i r .  
Holmes and Allwood (1979)  s u g g e s t e d  t h a t  t h e  l o n g e r  t h e  connector 
n e e d l e  o f  an i n t r a v e n o u s  i n f u s i o n  s e t  i s  l e f t  exposed  t o  t h e  
e n v i r o n m e n t ,  t h e  g r e a t e r  t h e  chance o f  i t  becoming contaminated,  and 
t h i s  comment could e q u a l ly  be a p p l i e d  t o  t h e  c o n n e c t i n g  s p i k e s  and 
a i r l i n e s  of e n t e r a l  feed ing  s e t s  (F ig .  2 ) .
M i c r o - o r g a n i s m s  a s s o c i a t e d  w i th  s k i n  s c a l e s  t r a p p e d  i n  t h e  
connec t ion  made by needle  and c o n ta in e r  and not d i r e c t l y  in t roduced  to 
th e  s o l u t i o n  may gain  access  t o  t h i s  s o lu t io n  on s u b s e q u e n t  movement 
o f  t h e  t u b i n g  o f  t h e  g i v i n g  s e t ,  o r  when t h e  j o i n t  i s  b roken  and 
re-made when, fo r  example, a second c o n ta in e r  i s  a t t a ch e d  t o  t h e  same 
g i v i n g  s e t .  T h i s  p rob lem  has  been d e s c r i b e d  by Meers (1976)  fo r  
in t r avenous  i n fu s io n  s e t s  and s i m i l a r  problems can be envisaged i n  th e
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FIGURE 2 Exanrples o f  co n n ec to rs  used t o  j o i n  
g i v in g  s e t s  and n u t r i e n t  c o n t a i n e r s .
Top : C l i n i f e e d i n g  System 3 sp ike  connec to r ,  no te  
co v e r  t o  p r o t e c t  sp ik e  p r i o r  t o  use .
Middle : Viomedex s p ik e  connec to r .
Bottom : N u t ra u x i l  c ^  con n ec to r  and a i r l i n e .
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asse m b ly  o f  t h e  n u t r i e n t  c o n t a i n e r s  and g iv ing  s e t s  of n a s o - g a s t r i c  
feed ing  systems.
Once th e  n u t r i e n t  c o n ta i n e r  of  feed i s  hanging a t  th e  bedside i t  
would seem t h a t  the  p o s s i b i l i t y  of mic ro-organisms g a i n i n g  a c c e s s  t o  
i t s  c o n t e n t s  a r e  q u i t e  low. In a s tudy of n a s o - g a s t r i c  feed ing  bags 
by M i l l e r  and Logan ( 1979), t h e  f e e d  from bags  l e f t  open t o  t h e  
a tm o s p h e r e  f o r  up t o  8h was c o n t a m i n a t e d  w i th  a v a r i e t y  o f  
Gram-negative rods and y e as t s  whereas no contamination was d e tec te d  in  
t h e  c l o s e d  bags.  Also,  in  a survey of  c losed (a f i l t e r  i s  inc luded  in  
th e  a i r  i n l e t  o f  t h e  a d m i n i s t r a t i o n  s e t )  and open ( u n f i l t e r e d  a i r  
a l lo w e d  t o  b u b b le  t h r o u g h  t h e  s o lu t io n )  in t ravenous  systems,  Hansen 
and Hepler (1973) concluded t h a t  th e  c losed  system gave s i g n i f i c a n t l y  
b e t t e r  p r o t e c t i o n  a g a in s t  m ic ro b ia l  contam inat ion .
Touch
C l o s u r e s  o f  g l a s s  b o t t l e s  may be c o n t a m i n a t e d  w i th  
micro-organisms i f  they  a re  touched a c c i d e n t a l l y  d u r i n g  t h e  a s sem b ly  
o f  a f e e d i n g  s y s t e m .  S tu d ie s  with in t ravenous  in f u s io n s  (L etcher  jet 
a l . 1 9 7 2 , Holmes 1978) sugges t  t h a t  th e  h igher  l e v e l  of  contamination 
w i t h  g l a s s  b o t t l e s  c o u ld  be a r e f l e c t i o n  of th e  inc reased  amount of 
handl ing  needed t o  s e t  them up p r i o r  t o  a d m i n i s t r a t i o n .  P o s s i b l e  
r o u t e s  o f  c o n t a m i n a t i o n  o f  f e e d s  i n  a range  of feed ing  systems a re  
i l l u s t r a t e d  i n  F ig .  3 . The s t e r i l e  c o n t e n t s  o f  t h e  b o t t l e  o f  f e e d  


























































a n d / o r  b o t t l e  neck a re  handled when the  g iv ing  s e t  i s  a t tached  to  the  
b o t t l e .  Contamination of the  in s id e  of  th e  bag i l l u s t r a t e d  i n  F ig .  3b 
may o c cu r  i f  t h e  p e r s o n  a s s e m b l in g  t h e  sys tem to u c h e s  t h e  i n s i d e
su r fa ce  of the  bag with  t h e i r  f i n g e r s  or even 'blows* i n to  t h e  bag t o
open i t  up p r i o r  t o  p o u r in g  t h e  feed i n to  i t .  Also,  in  bag systems
where t h e  g i v i n g  s e t  i s  a t t a c h e d  by means o f  a c o n n e c t o r  s p i k e ,
m i c r o - o r g a n i s m s  may be t r a n s f e r r e d  by to u ch  to  t h e  s u r fa ce  of the  
sp ike  and then * i n o c u l a t e d  * i n t o  t h e  c o n t e n t s  o f  t h e  bag when t h e  
s p i k e  i s  i n s e r t e d  i n t o  i t ;  a s i m i l a r  problem may o c cu r  w i th  t h e  
p l a s t i c  r e s e r v o i r s  i n  F i g .  3c and t h e  p r e - f i l l e d  bag sys tem  
i l l u s t r a t e d  in  Fig .  3d. In the  system shown in  Fig .  3© th e  g iv ing  s e t  
i s  a t t a c h e d  t o  a can o f  s t e r i l e  feed  by means o f  a n a s o - g a s t r i c  
a d a p t o r .  Contamination of  the  s t e r i l e  con ten t s  of  th e  can could occur 
i f  t h e  can opener or adap tor  were i n c o r r e c t l y  handled ,  i f  t h e  s u r f a c e  
o f  t h e  can was n o t  swabbed p r i o r  to  i n s e r t i o n  of the  adaptor and i f  
th e  sp ike on th e  g i v i n g  s e t  was h a n d le d  when t h e  sys tem  was b e in g  
assembled.
C asew e l l  and P h i l l i p s  ( 1977) found l i t t l e  evidence t h a t  a i r  or 
dus t -borne  p a r t i c l e s  were a ro u te  of t r an sm iss io n  fo r  k l e b s i e l l a e  bu t  
t h e i r  r e s u l t s  show t h a t  th e  capsu la r  types  contaminat ing th e  hands of 
s t a f f  and p a t i e n t s  were t h e  same as  t h o s e  c o l o n i s i n g  or i n f e c t i n g  
p a t i e n t s  in  th e  ward. Only s l i g h t  co n tac t  with the  p a t i e n t s '  sk in  was 
r e q u i r e d  f o r  t h e  t r a n s f e r  o f  10^ -  io3 v i a b l e  k l e b s i e l l a e  onto th e  
n u r s e s  hands ( C asew el l  and P h i l l i p s  1977).  Schre iner  e t  a l .  (1979)
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i s o l a t e d  B a c i l l u s  s p p . ,  S t a p h . e p i d e r m i d i s , S t a p h . a u r e u s , Ps 
a e r u g i n o s a , jC. p n e u m o n ia e , E n t e r o b a c t e r  s p p .  and JE. c o l i  from 
c o n t i n u o u s  n a s o - g a s t r i c  d r i p  feeds  adm in is te red  in  a neonate  s p e c i a l  
c a re  n u r s e r y ,  one i n f a n t  b e i n g  c o l o n i s e d  w i th  b o th  jg - h a e m o ly t i c  
s t r e p t o c o c c i  and S t a p h , aureus  fo r  over a month. R esu l t s  of c u l t u r e s  
o f  o r g a n i s m s  t a k e n  from t h e  hands  o f  n u r s e s  w ork ing  i n  t h i s  u n i t  
showed a high inc idence  of organisms t h a t  were v e r y  s i m i l a r  t o  t h o s e  
i s o l a t e d  from t h e  f e e d i n g  c h am b e rs ,  K n i t t l e  e t  ( 1975)
d e m o n s t r a t e d  t h a t  hands ,  through a c t i n g  as c a r r i e r s  of  organisms may 
become r e s e r v o i r s  of nosocomial i n f e c t i o n s .
The i n s e r t i o n  o f  t h e  t u b e  i n t o  t h e  p a t i e n t  may a l so  r e s u l t  in  
c o n t a m i n a t i o n  o f  t h e  f e e d  s i n c e  t h e  n a s a l  mucus membranes a r e  
r e s e r v o i r s  o f  S t a p h y l o c o c c u s  s p p .  (Hobbs and G i l b e r t  1978) and 
o r g a n i s m s  may become t r a p p e d  i n  th e  tube dur ing  i t s  passage .  In an 
a c c o u n t  o f  two ou tb reaks  of s tap h y lo co cca l  e n t e r o c o l i t i s  ( Cook e t  a l . 
1957) t h e  m a j o r i t y  o f  a d u l t  p a t i e n t s  w i th  t h e  d i s e a s e  a l so  had an 
i n d w e l l i n g  s tomach  t u b e .  A ls o ,  a s t u d y  by Gutman e ^  (1976) of 
f o u r  newborn i n f a n t s  fed  w i th  n a so d u o d e n a l  or n a s o - g a s t r i c  feed ing  
c a t h e t e r s  t h a t  had been  p a s s e d  t h r o u g h  a n a s a l  o r  ga s t ro n o m y  s i t e  
c o l o n i s e d  with S taph,  aureus  rev ea led  t h a t  a l l  four  i n f a n t s  developed 
s t ap h y lo co c ca l  e n t e r o c o l i t i s  or  excre ted  S ta p h , aureus  in  t h e i r  s t o o l ,  
whereas i n f a n t s  not fed by nasoduodenal or gastronomy c a t h e t e r s  or  not 
co lo n is ed  by S ta p h . aureus  a t  th e  s i t e  of  the  feed ing  c a t h e t e r  did not 
develop th e  d i s e a s e .
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R oute s  by which con tam inan ts  may be in t roduced  when systems are  
being assembled a r e  i l l u s t r a t e d  i n  Fig .  4.
1.4 FACTORS CONTROLLING THE GROWTH OF MICRO-ORGANISMS IN ENTERAL
FEEDING SYSTEMS
Duration of Feeding
There are  two methods of a d m in i s t r a t io n  of n a s o - g a s t r i c  feeds ,  i )  
the  bolus  method (small  amounts of feed  g i v e n  a t  r e g u l a r  i n t e r v a l s )  
and i i )  c o n t i n u o u s  d r i p  feed ing .  The second method i s  becoming more 
popula r as i t  a p p e a r s  t o  a l l o w  b e t t e r  f l u i d  a b s o r p t i o n  in  t h e  g u t  
(Gibbs 1983).
In  t h e  c o n t i n u o u s  d r i p  method t h e  f e e d  i s  u s u a l l y  h e l d  i n  a 
g r a v i t y  d r ip  c o n t a i n e r  above t h e  p a t i e n t  and t h e  flow r a t e  can be 
c o n t r o l l e d ,  t h u s  a l t e r i n g  t h e  t ime th e  feed i s  l e f t  s t and ing  in  the  
n u t r i e n t  c o n t a i n e r .  Flow r a t e  may v a r y  between 25 -  300 ml h“ ) ,  a 
r a t e  o f  125 ml h” * be ing  commonly used (Sagar,  Harland and S h ie ld s ,  
1979). At t h i s  flow r a t e  a 1000 ml c o n ta in e r  w i l l  empty i n  8h and a 
1500 ml bag in  12h, ample t im e  f o r  t h e  m u l t i p l i c a t i o n  o f  
micro-organisms to  r e s u l t  in  g ross  contamination  (Simmons 1981, Bastow 
e t  a l .  1982).
Temperature
The t e m p e r a t u r e  a t  which t h e  f e e d  i s  l e f t  t o  s t a n d  i s  an 
i m p o r t a n t  f a c t o r ,  s i n c e  t e m p e r a t u r e s  of between 20 -  25^C which are
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FIGURE 4 I l l u s t r a t i o n  showing r o u te s  f o r  m ic ro b ia l  
con tam inat ion  o f  e n t e r a l  f eeds .
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commonly found in  h o s p i t a l s  (Maki 1976, Bastow _et 1982) p rovide  a 
s u i t a b l e  growth tem pera tu re  fo r  contaminat ing  micro-organisms. Also, 
t h e  f e e d i n g  tu b e  i n s i d e  t h e  p a t i e n t  i s  a t  t h e  p a t i e n t ' s  body 
t e m p e r a t u r e  and t h e r e f o r e  t h e r e  i s  a per iod  of t ime vrtien the  feed i s  
f lowing through t h i s  tube  when th e  tem pera ture  i s  even b e t t e r  s u i t e d  
t o  t h e  growth  o f  p a t h o g e n i c  m i c r o - o r g a n i s m s .  This problem w i l l  be 
a g g r a v a t e d  i f  f low o f  f e e d  t h r o u g h  t h e  sys tem  i s  s t o p p e d  f o r  any 
r e a s o n  ( e . g .  a c c i d e n t a l l y  due to  blockage of th e  tube ,  or  on purpose,  
t o  g ive  the  p a t i e n t ' s  d i g e s t i v e  system a r e s t )  s in ce  t h i s  w i l l  r e s u l t  
i n  a s t a t i c  column of feed being main ta ined a t  approximate ly  37°C fo r  
extended p e r io d s .
Adhesion of micro-organisms to  s u r f a ce s
E n t e r a l  f e e d s  a r e  g e n e r a l l y  admin is te red  through a s o f t  p l a s t i c  
tube which i s  passed v ia  th e  n o s t r i l  and oesophagus i n t o  t h e  s to m ach ,  
f a c i l i t a t e d  by the  p a t i e n t ' s  own swallowing r e f l e x e s ,  except when th e  
p a t i e n t  i s  d e l i r i o u s  or unconscious when the  tube i s  manually d i r e c t e d  
i n t o  t h e  oe so p h ag u s  (D a v id so n  ^  a ^ ,  1 9 75) .  Metz,  D i l a w a r i  and 
Kellock ( 1978) r e p o r te d  t h a t  f i n e - b o r e  radio-opaque po lyvinyl  c h lo r id e  
tu b in g  might remain in  s i t u  i n  th e  p a t i e n t  fo r  pe r iods  r a n g in g  from 1 
week to  up to  16 months. However, they found t h a t  a f t e r  2-3 months th e  
tube  became l e s s  f l e x i b l e  and c o n s e q u e n t l y  recommended t h a t  i t  be 
changed  e v e r y  2 m o n th s .  A l l i s o n  and Walford (1979) s t a t e d  t h a t  the  
tu b in g  tends  to  harden and should ,  t h e r e f o r e ,  be r e p l a c e d  a f t e r  2-3  
weeks and ,  more r e c e n t l y ,  Roussel L a b o ra to r i e s  Ltd ( 198O) recommended
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t h a t  f i n e - b o r e  t u b e s  be r e p l a c e d  e v e r y  10 day s  s i n c e  t h e r e  i s  no 
d e t e r i o r a t i o n  ( e . g .  h a r d e n i n g )  o f  t h e  t u b e s  i n  t h a t  t im e  ( J . C .  
Harkness 1982 : p e r s .  comm.).
The p r a c t i c e  o f  l e a v i n g  t h e  t u b e  i n  p l a c e  fo r  10 days or more 
p re s e n t s  a f u r t h e r  p o s s ib l e  hazard r e s u l t i n g  from m i c r o b i a l  a d h e s i o n  
t o  t h e  p l a s t i c .  The phenomenon of  th e  adhesion of  micro-organisms to  
s o l i d  s u r f a ce s  i s  well documented (Zobell  and Allen 1935, Zobell  1943, 
F l e t c h e r  and Floodgate  1976, Berkeley e t  a l .  1980, F le t c h e r  1980).  In 
a s t u d y  o f  t h e  g rowth  o f  m i c r o - o r g a n i s m s  on plumbing m a t e r i a l s  in  
c o n tac t  with  po tab le  water s u p p l i e s ,  Burman and Colbourne (1977) found 
t h a t  o f  t h e  p l a s t i c s  they  examined, those  most f r e q u e n t ly  suppor t ing  
growth were the  p l a s t i c i s e d  po lyvinyl  c h lo r id e s  and r e s i n s  used in  th e  
manufacture  o f  g l a s s - r e i n f o r c e d  p l a s t i c s .
Leech and Hefford (1980) examined b a c t e r i a l  d e p o s i t i o n  from a 
flowing suspension i n  a narrow re c t a n g u la r  g l a s s  c a p i l l a r y  tube  (0 .2  x 
2.0 X 30 mm) and found t h a t  a l though a c lo se  packed l a y e r  o f  b a c t e r i a  
( S t r e p t o c o c c u s  s a n g u i s  NCTC 7868) was never  achieved by d e p o s i t i o n  
a l o n e ,  as  soon as  th e y  p a s s e d  a s o l u t i o n  of n u t r i e n t  bro th  over the  
depos i t ed  b a c t e r i a ,  growth o c c u r r e d  and m u l t i l a y e r  c o v e r a g e  o f  t h e  
tube  s u r f a c e s  was observed .
D e t a i l e d  s t u d i e s  have been made of th e  m ic ro b ia l  c o l o n i s a t i o n  of 
i n t r a v e n o u s  c a t h e t e r s  ( L o c c i ,  P e t e r s  and P u l v e r e r  1981a, 1981b,
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P e t e r s ,  Locci and P u lv e re r  198I) which suggest  t h a t  smal l  numbers of 
organisms i n i t i a l l y  lodge in  i r r e g u l a r i t i e s  a long t h e  s u r f a c e  o f  t h e  
c a t h e t e r  and s u b s e q u e n t l y  c o l o n i e s  b u i l d  up.  C h r i s t e n s e n  e t  a l . 
( 1 9 8 2 b) have a lso  demonstrated  t h a t  s l ime-producing  s t r a i n s  of S ta p h , 
e p i d e r m i d i s  were e n c a s e d  i n  an a d h e s i v e  l a y e r  on t h e  s u r f a c e  o f  
c a t h e t e r s  examined d u r i n g  an i n v e s t i g a t i o n  o f  an o u t b r e a k  o f  
c a t h e t e r - a s s o c i a t e d  i n f e c t i o n s  (C h r i s ten sen  _et 1982a),
S i m i l a r  adhes ion  o f  micro-organisms to  th e  f i n e -b o r e  tub ing  used 
in  e n t e r a l  feed ing  could lead  t o  t h e  p a t i e n t  be ing  c o n t i n u a l l y  dosed  
w i t h  m i c r o - o r g a n i s m s  a n d / o r  t h e i r  m e t a b o l i t e s .  Gerae inhard t  and 
K i r c h b e r g e r  (1971) r e p o r t e d  th ru sh  fungi ( Candida a lb ic a n s  and Cand. 
t r o p i c a l i s ) on f e e d i n g  t u b e s  f o l l o w i n g  removal  from t h e  upper  
i n t e s t i n a l  t r a c t  o f  c h i l d r e n  bu t  no f u r t h e r  work on th e  adhes ion of 
micro-organisms to  e n t e r a l  feed ing  tubes  has been r e p o r t e d .
1.5 SIGNIFICANCE OF MICROBIAL CONTAMINATION
Septicaemia  caused by E n t . c loacae  der ived  from e n t e r a l  feeds  has 
been  r e p o r t e d  by Casewel l  ^et (1981) and high l e v e l s  of  m ic rob ia l  
contamination of  tube  feeds  have been observed by a number of a u th o rs ,  
c o u n t s  r e c o r d e d  b e in g  10^ organ isms  ml"1 (Casewell 1979), 10^ -  109 
m l” l ( P o t t e c h e r  _e^ a l . 1979) ,  10^ -  10^ ml") (Casewell e t  a l .  198I) 
and 10^ - 1 0 ) ^ ml")  (Bastow e j t ^ .  1982), The d i s e a s e  p o t e n t i a l  o f  a 
number o f  r e p o r t e d  and p o s s i b l e  b a c t e r i a l  c o n ta m in a n t s  of  e n t e r a l  
feeds  i s  presented  i n  Table 2.
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TABLE 2 ; D isease p o t e n t i a l  of p o s s ib le  b a c te r i a l  contaminants of e n te r a l
feed s ,  compiled from the  da ta  of Burton (1979), Ketchum (1984) 
and S le igh  and Timbury (1981)
P r in c ip a l  D iv is ion Genus Disease p o t e n t ia l
Gram nega tive  b a c te r i a
E n te ro b a c te r ia c e a e S h ig e l la  e .g .  Sh. sonnei - S h ig e l la  dysen tery
E s c h e r ich ia  e .g .  E. c o l l _ o p p o r tu n is t ic
pathogen
- g a s t r o e n t e r i t i s
Salm onella  e .g .  Salm. - g a s t r o e n t e r i t i s
typhimurium - sep ticaem ia
K le b s ie l la  e .g .  K, pneumoniae - r e s p i r a to r y  t r a c t
in fe c t io n s
- sep ticaem ia
- U-T. I .
E n te ro b a c te r
S e r r a t i a  \ - o p p o r tu n is t ic
P ro teus  J pathogens
Y e rs in ia - g a s t r o e n t e r i t i s
B ac tero idaceae B ac tero ides _ i n f e c t io n s  o f  s o f t
t i s s u e s  and wounds
Pseudomonadaceae Pseudomonas e .g .  Ps aerug inosa r e s p i r a t o r y  and
wound in f e c t io n s
C a, m p 10  b a c t  e r Campylobacter - g a s t r o e n t e r i t i s
Gram p o s i t iv e  b a c te r i a ,
Micrococcaeceae S taphylococcus e .g .  Staph. _ to x ic  food
aureus poisoning
- wound in f e c t io n s
- sep ticaem ia
B a c i l lac e a e B a c i l lu s  e .g .  B, cereus to x ic  food
poisoning
C los tr id ium  e .g .  Cl. d i f f i c i l e _ a n t i b i o t i c
a sso c ia te d  c o l i t i s
Cl. p e r f r in g e n s _ food poisoning
- wound in f e c t io n s
L a c to b a c i l la c e a e S trep tococcus  e .g .  S t r .  f a e c a l i s _ g a s t r o e n t e r i t i s
- sep ticaem ia
P a t i e n t s  r e c e i v i n g  n a s o - g a s t r i c  or n a s o - e n te r i c  tube  feeds  are 
very  v u ln e rab le  to  c o l o n i s a t i o n  and subsequent i n f e c t i o n  ( F i g .  5) and 
P o t t e c h e r  _et (1979) suggested t h a t  10^ organisms ml") o f  feed are  
s u f f i c i e n t  t o  r e s u l t  i n  t h e  c o l o n i s a t i o n  of th e  d i g e s t i v e  t r a c t  of 
h o s p i t a l  p a t i e n t s .  However, t h e  number o f  o rg a n i s m s  r e q u i r e d  f o r  
c o l o n i s a t i o n  may be much lower than t h i s  s ince  a t o t a l  dose of 10^ -  
10^ a e ru g in o sa  organisms (Shooter  _et 1969) or l e s s  than 10^ _E. 
c o l i  o rg an ism s  (Cooke 1970) i n  h o s p i t a l  food  consumed by









FIGURE 5 ; Consequences of Contamination fo r  P a t i e n t
P r e l i m i n a r y  exper iments  by Cooke _et ( 1970) with v o lu n te e r s  showed 
t h a t  t h e  i n g e s t i o n  o f  a t o t a l  o f  10^ c o l i  in  milk may r e s u l t  in  
c o l o n i s a t i o n  o f  t h e  bowel fo r  a per iod  of two to e ig h t  weeks. Other
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w o rk e r s  have a l so  shown t h a t  the  i n g e s t i o n  of 10^ -  10^ organisms (^ .  
c o l i , K l e b s i e l l a  o r  Pseudom onas ) by h e a l t h y  v o l u n t e e r s  p roduced  
d e t e c t a b l e  f a e c a l  c o u n t s  (Buck and Cooke 1969, Montgomerie e t  a l . 
1970, Shoote r a t  1971).
The s e r o t y p e s  o f  jE, c o l i  t h a t  Cooke _et (1970) i s o l a t e d  from 
h o s p i t a l  food i n c l u d e d  some t h a t  a r e  commonly found to  cause u r in a ry  
t r a c t  i n f e c t i o n  and they  sugges ted t h a t  t h e  r e p o r t  by Spencer a l .  
( 19 6 8 ) ,  t h a t  g r o u p s  o f  f e m a le  p a t i e n t s  developed u r in a ry  i n f e c t i o n  
w i t h  s i m i l a r  s e ro ty p es  of c o l i , could  be exp la ined by th e se  groups 
o f  p a t i e n t s  o r i g i n a l l y  a c q u i r in g  t h e i r  s t r a i n s  from the  h o s p i t a l  food. 
S h o o t e r  ^  (1966, 1969) found t h a t  p a t i e n t s ,  dur ing  t h e i r  s t a y  in
h o s p i t a l ,  acquired  new s t r a i n s  o f  Ps aerug inosa  from h o s p i t a l  food and 
s u g g e s t e d  t h a t  t h e  p a t i e n t s  m igh t  d e v e lo p  c l i n i c a l  i n f e c t i o n s  from 
t h e i r  own s t r a i n s ,  contam inate  th e  ward environment and i n f e c t  o t h e r  
p a t i e n t s .  S u b s e q u e n t l y ,  Atherton and White ( 1978) demonstrated t h a t  
o v e r g r o w th  o f  b a c t e r i a  i n  t h e  s tom ach  p r o v id e d  a r e s e r v o i r  f o r  
c o l o n i s a t i o n  of th e  oesophagus,  mouth and naso-pharynx, and suggested  
t h a t  t h i s  was probably  f a c i l i t a t e d  by th e  i n a b i l i t y  o f  some p a t i e n t s  
t o  swal low  and by t h e  p resence  o f  a n a s o - g a s t r i c  tube .  Du Moulin ^  
a l . ( 1 9 8 2 ) t h e n  examined t h e  g a s t r i c  and u p p e r - a i r w a y  f l o r a  of 60 
p a t i e n t s  t r e a t e d  with a n t a c id s  or c i rae t id ine  in  a r e s p i r a t o r y / s u r g i c a l  
i n t e n s i v e  the rapy  u n i t  and r e p o r te d  t h a t  i n  52 (87.0%) p a t i e n t s  one or 
more o f  t h e  same s p e c i e s  o f  o rg a n i s m s  were c u l tu re d  s im ul taneous ly  
from b o th  t h e  u p p e r  a i rw a y  and s t o m a c h . I t  can  t h e r e f o r e  be
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h y p o t h e s i s e d  t h a t  t h e  a d m i n i s t r a t i o n  of a contaminated e n t e r a l  feed 
could lead to  c o l o n i s a t i o n  of  th e  stomach followed by t r a n s m i s s i o n  o f  
b a c t e r i a  from t h e  s tomach t o  t h e  u pper  a i rw ay  w i th  s u b s e q u e n t  
c o l o n i s a t i o n  and i n f e c t i o n  o f  th e  r e s p i r a t o r y  t r a c t .
The work of  du Moulin_et _al, (1982) a l so  h ig h l i g h t s  the  f a c t  t h a t  
many p a t i e n t s  on n a s o - g a s t r i c  f e e d s  a r e  t r e a t e d  w i t h  a n t a c i d s  or 
c im et id ine  which r a i s e  th e  pH of  th e  stomach from 2 .0  to  approximate ly  
5 . 5 ,  t h u s  f a v o u r i n g  th e  growth o f  b a c t e r i a  and i n h i b i t i n g  th e  a c t io n  
of  pepsin on s tap hy lococca l  e n t e r o t o x i n s  (Bergdol 1 1970) .  T r e a tm e n t  
w i t h  a n t i b i o t i c s ,  s t e r o i d s  and immunosuppressants may a lso  a l t e r  the  
n a t u r a l  f l o r a  of th e  p a t i e n t s ,  p r e d i s p o s i n g  them t o  i n f e c t i o n  w i th  
Gram n e g a t i v e  b a c i l l i  (Rose and S c h r e i e r  1968, P o l lack  _et 1972), 
S t a p h . a u r e u s  ( B e a r i n g  and Needham I960) o r  Cand. a lb ic a n s  (Buppert ,  
MacPherson and Gazin  1 9 53) ,  p a r t i c u l a r l y  when t h e  p a t i e n t s  a r e  
r e c e iv in g  n a s o - e n t e r i c  feeds  which pass d i r e c t l y  i n t o  th e  duodenum o r  
i n t e s t i n e .
A n o th e r  p o t e n t i a l  hazard ,  to  which th e  p a t i e n t  may be s u b jec te d ,  
i s  t h a t  of food poisoning  due t o  e n t e r o t o x i n s  p roduced  by b a c t e r i a  
p re s e n t  i n  the  feed .  Hobbs (1962) r e p o r te d  th a t  the  minimum number of 
organisms t h a t  must be p resen t  to  a c h i e v e  t h i s  may be as  low a s  5 x 
1o5 g - ) o f  fo o d .  A lthough  t h e  minimum dose  o f  s t a p h y l o c o c c a l  
e n te r o to x in  t h a t  can produce food p o i s o n i n g  symptoms i n  man i s  n o t  
known a c c u r a t e l y ,  B e r g d o l l  (1973) and R e i s e r ,  Conway and Bergdol l
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( 1 9 7 4 ) ,  c o n s i d e r  t h a t  l e s s  than 1.0 jjg may be s u f f i c i e n t  and as t h i s  
i s  l i k e l y  t o  be consumed i n  a IQOg p o r t i o n  of  food by a h e a l t h y  
i n d i v i d u a l ,  t o x i n  c o n c e n t r a t i o n s  o f  0 .01  ^g g")  o f  food  would be 
hazardous (Crowther and Holbrook 1976). However, p a t i e n t s  b e in g  fe d  
by continuous  d r ip  feeding do not r e c e iv e  lOOg p o r t i o n s  of food but up 
to  t e n  t imes t h i s ,  v i z .  500 -  1000 ml o f  f e e d ,  and t h e r e f o r e  even 
lo w e r  c o n c e n t r a t i o n s  o f  t o x i n  migh t  be h a r m f u l .  G i l b e r t ' s  (1974) 
e s t i m a t e s  o f  t h e  minimum amount o f  s t a p h y l o c o c c a l  e n t e r o t o x i n  
n e c e s s a r y  t o  c au se  i l l n e s s  ranged from 0,015 to  0.357 \Jg e n te r o to x in  
kg")  body w e i g h t .  This  r e l a t i o n s h i p  between tox in  c o n c e n t r a t io n  and 
body weight h i g h l i g h t s  the  p o t e n t i a l  dangers to  neona te s ,  c h i ld re n  and 
s e r i o u s l y  i l l  h o s p i t a l  p a t i e n t s  who are  f r eq u e n t ly  underweight.  The 
s u s c e p t i b i l i t y  o f  young c h i l d r e n  t o  e n t e r o t o x i n s  i s  f u r t h e r  
i l l u s t r a t e d  in  a r e p o r t  of two ou tb reaks  of B, ce reus  g a s t r o e n t e r i t i s  
(B odnar  1962) where a d u l t s  and c h i ld r e n  both a t e  p o r t i o n s  of  the  same 
2» c e r e u s - c o n t a m i n a t e d  f o o d .  The a d u l t s  s u f f e r e d  o n ly  m i ld  food 
poisoning  symptoms whereas th e  c h i ld r e n  requ i red  h o s p i t a l  t r e a tm e n t .
In conclus ion  i t  must be s t r e s s e d  t h a t  p a t i e n t s  r e c e iv in g  e n t e r a l  
f e e d s  a r e  u s u a l ly  in  a poor s t a t e  of  h e a l t h ,  t h e i r  n a t u r a l  r e s i s t a n c e  
t o  i n f e c t i o n  o f t e n  b e in g  a l t e r e d  by b road  sp e c t ru m  a n t i b i o t i c s ,  
i m m u n o s u p p re s sa n t s  or  a n t a c id s .  Adm in is t ra t ion  of contaminated feeds 
t o  t h e s e  p a t i e n t s  p r e s e n t s  p o t e n t i a l  h a z a r d s  o f  c o l o n i s a t i o n ,  
i n f e c t i o n  and/or food po ison ing .  There fore ,  i t  can be seen t h a t  i t  i s  
important t h a t  th e  persons p r e p a r i n g  and a d m i n i s t e r i n g  t h e s e  f e e d s
- 29 -
u n d e r s t a n d  t h e  p o t e n t i a l  sources  of  m ic rob ia l  contamination  and take 
p recau t ions  to  minimise i t .
1.6 OBJECT OF RESEARCH
The c o m p o s i t i o n  of  e n t e r a l  f e e d s  i s  such t h a t  i f  t h e y  a r e  
contaminated with mic ro-organisms, l u x u r i a n t  growth may o c c u r  (White  
e t  a l . 1979) and t h e r e  may be an i n f e c t i o n  r i s k  i f  they a re  fed to 
p a t i e n t s .  By 1979 t h e  publi shed l i t e r a t u r e  was i n d i c a t i n g  t h a t  g ross  
c o n t a m i n a t i o n  o f  b o th  com m erc ia l  and h o s p i t a l - p r e p a r e d  f e e d s  was 
o c c u r r i n g ,  w i th  r e p o r t e d  numbers r a n g i n g  up to  1o9 organisms ml~1 
(F aso n  1967, C ase w e l l  1979, P o t t e c h e r  ^  a l . 1979, Sch re in e r  e t  a l .
1979).  These r e p o r t s  in d i c a t e d  th e  need fo r  a r ig o ro u s  and sys tem a t ic  
ex am in a t io n  of  t h e  g row th  o f  m ic r o - o r g a n i s m s  in  n a s o - g a s t r i c  and 
n a s o - e n te r i c  feeding systems.
The aims o f  t h i s  i n v e s t i g a t i o n  as  f o r m u l a t e d  i n  1980 were 
t h e r e f o r e  :
1. To survey c u r r e n t  methods o f  p re p a r a t io n  and handling
of n a s o - g a s t r i c  and n a s o - e n t e r i c  feeds  in  h o s p i t a l s  in  th e  
United Kingdom; to  survey the  m ic rob ia l  q u a l i t y  of a range 
of commonly used e n t e r a l  feeds  and feed i n g r e d i e n t s  a t  t ime 
o f  purchase;  and to  determine  the  l e v e l  and type of 
contamination of  feeds  adm in is te red  in  a l o c a l  h o s p i t a l .
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2. To q u a n t i fy  and compare th e  m u l t i p l i c a t i o n  of s e le c te d  
micro-organisms ( o p p o r t u n i s t i c  and food-borne pathogens) 
i n  a range of e n t e r a l  feeds  under l a b o ra to ry  and s imula ted 
ward co n d i t io n s  in  o rder  to  de te rmine  the  c o n d i t io n s  t h a t  
g ive  l e v e l s  of contaminat ion  t h a t  a re  p o t e n t i a l l y  
unacceptable  due to  (a) th e  presence of s u f f i c i e n t  numbers 
to  r e s u l t  in  c o l o n i s a t i o n  and i n f e c t i o n  o f  th e  p a t i e n t  and/ 
or (b) r e l e a s e  s u f f i c i e n t  e n t e r o to x in  to  cause food 
poisoning; and to  determine whether micro-organisms adhere 
and grow on th e  s u r f a c e s  of  th e  g iv ing  s e t s  and e n t e r a l  
feeding  tu b e s .
3. F i n a l l y ,  to  sugges t  g u i d e l in e s  fo r  the  sa f e  handling and 
a d m in i s t r a t i o n  of e n t e r a l  f e ed s .
-  31 -
CHAPTER 2
THE USE OF ENTERAL FEEDS IN HOSPITALS 
A SURVEY OF HANDLING PRACTICE
2.1 INTRODUCTION
In  r e c e n t  y e a r s  t h e r e  have been many changes  i n  methods  o f  
e n t e r a l  tu b e  f e e d i n g  and i n  t h e  r a n g e  o f  c o m m e r c i a l l y - p r e p a r e d ,  
r e a d y - t o - u s e , s t e r i l e  feeds  a v a i l a b l e  (Bateman 1977, Tredger e t  a l .  
1 9 8 1 ) .  The p u rp o s e  o f  t h i s  p a r t  o f  t h e  s t u d y  was t o  g a t h e r  
in fo rm at ion  on c u r r e n t  p r a c t i c e s  i n  U.K. h o s p i t a l s .
2 .2  MATERIALS AND METHODS
A q u e s t i o n n a i r e  was d e v i s e d  t o  e l i c i t  i n f o r m a t i o n  on c u r r e n t  
p r a c t i c e s  in  e n t e r a l  tube  feed ing  and a p i l o t  s t u d y  was c o n d u c te d  i n  
1981 t o  check  t h a t  t h e  q u e s t i o n s  were c l e a r .  These  t r i a l  
q u e s t i o n n a i r e s  were completed by 16 s t u d e n t s  who had j u s t  r e t u r n e d  
from t h e i r  h o s p i t a l  t r a i n i n g  p e r iod .  The format of  the  q u e s t i o n n a i r e  
and th e  wording of i n d iv id u a l  q u e s t io n s  were th en  d i s c u s s e d  w i th  t h e  
s tu d e n t s  and a p p r o p r i a t e  m o d i f i c a t io n s  made.
The m o d i f i e d  q u e s t i o n n a i r e  (Appendix  A) was used  i n  s u r v e y s  
c a r r i e d  ou t  i n  1982, 1983 and 1984. A l e t t e r  of exp lan a t io n  was sen t  
t o  H osp i ta l  D i e t i t i a n s  in  charge of th e  p r a c t i c a l  t r a i n i n g  of s tu d e n t s  
r e q u e s t in g  t h e i r  co -o p e ra t io n  i n  al lowing th e  s tu d en t s  to  complete the  
q u e s t i o n n a i r e s .  F i f t e e n  q u e s t i o n n a i r e s  were given out each year  with a 
r e q u e s t  f o r  a l l  s t u d e n t s  i n v o l v e d  w i th  e n t e r a l  tube  feed ing  during 
t h e i r  h o s p i t a l  p la ce m e n t  t o  c o m p le te  and r e t u r n  them .  In  o r d e r  t o  
m a i n t a i n  c o n f i d e n t i a l i t y ,  th e  name of  th e  h o s p i t a l  was not i d e n t i f i e d  
on th e  q u e s t i o n n a i r e .  However, i t  i s  u n l ik e ly  t h a t  more t h a n  two or
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t h r e e  h o s p i t a l s  have been su rveyed  more than once during th e  th ree  
years  because th e re  was only a s l i g h t  overlap  in  t h e  d i s t r i b u t i o n  o f  
h o s p i t a l s  used for  s tuden t  placements from year  to  year .
2.3  RESULTS
The r e s u l t s  of the  surveys c a r r i e d  out in  1982, 1983 and 1984 are  
summarised i n  T a b le s  3 - 7 ,  t h e  numbers o f  c o r r e c t l y  com ple ted  
q u e s t i o n n a i r e s  being 12, 7 and 8 r e s p e c t i v e l y .  Tables 4-6 d e t a i l  the  
handling procedures  employed for  commercial  f e e d s .  P r o c e d u r e s  used 
f o r  h o s p i t a l - p r e p a r e d  (home-made) and commercial feeds were the  same 
in  a l l  the  h o s p i t a l s  surveyed and so th e  r e s u l t s  for h o sp i t a l -p re p a r e d  
feeds  are  not presented  s e p a r a t e ly .
T a b le s  3a -3 c  show t h a t  t h e  a v e r a g e  p e r c e n t a g e  of  p a t i e n t s  on 
e n t e r a l  feeds over the  t h r e e  y e a r s  was 1.7 -1.8% and t h e  p e r i o d  o f  
t im e  d u r i n g  which t h e  p a t i e n t s  were t u b e  fed v a r i e d  cons ide rab ly ,  
ranging from a few days to  s ev e ra l  years  (median 14-21 days) .
The number of h o s p i t a l s  t h a t  used only ready-prepared  commercial
feeds  ranged from 2 out o f  7 (29%) i n  t h e  198 3 group t o  6 out o f  8
(75%) i n  1984. One o f  t h e  h o s p i t a l s  su rveyed  used on ly
h o s p i t a l -p re p a r e d  feeds  (T ab le  3b) , A l l  o f  t h e  o t h e r s  e i t h e r  used 
commercia l  f e e d s  o n ly  or  a c o m b in a t io n  o f  commercia l  and
h o s p i t a l - p r e p a r e d  f e e d s .  The b ran d s  o f  commercial  f e e d s  used  a r e  
l i s t e d  i n  T a b le s  4 a -4 c  and in c l u d e d  C l i n i f e e d  ISO, C l in i feed  400,
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C l i n i f e e d  500,  C l i n i f e e d  F av o u r ,  C l i n i f e e d  P r o t e i n  R ich ,  Ensure ,  
Ensure P lus ,  I so c a l  and N u traux i l .  The h o s p i t a l - p r e p a r e d  f e e d s  were 
based  on p a s t e u r i s e d  m i l k ,  p a s t e u r i s e d  m i lk  p l u s  skimmed m i lk  or 
Complan (Table 5 ) .  Whole raw egg was added to  f e e d s  p r e p a r e d  i n  two 
o f  t h e  h o s p i t a l s  i n  t h e  1982 group and one in  1983. Nei ther  of th e  
two h o s p i t a l s  in  th e  1984 group added raw eggs to  t h e i r  r e c i p e s .
Of th e  h o s p i t a l s  su rv e y ed  ove r  t h e  t h r e e  y e a r s  80J6 added 
s u b s t a n c e s  t o  commercia l  f e e d s ,  such as  w a t e r ,  sodium c h l o r i d e ,  
p o ta s s iu m  c h l o r i d e ,  C a logen ,  L i q u i g e n ,  Hycal and t r a c e  e l e m e n t s  
(Tables 4 a - 4 c ) . Ordinary tap  water was th e  type of water most commonly 
used  i n  both  h o s p i t a l - p r e p a r e d  and commerc ial  f e e d s .  However, '  
d i s t i l l e d  water was used in  one h o s p i t a l  in  the  1982 group and one i n  
1984. One h o s p i t a l  used boiled  water and another  used s t e r i l e  water 
fo r  p a t i e n t s  in  th e  I n t e n s iv e  Care Unit (Table 4a ).
Equipment used fo r  mixing the  feeds  inc luded l i q u i d i s e r s  ( g l a s s ,  
metal  or p l a s t i c  g o b l e t s ) ,  jugs  and spoons or bowls and whisks.  S t a f f  
i n  two h o s p i t a l s  a c t u a l l y  mixed the  feeds in  the  n u t r i e n t  c o n ta in e r  
(Tables 4a and 4c) .  Equipment was u su a l ly  washed with hot or very hot 
w a t e r  (T ab le  4a-4c) but one h o s p i t a l  in  each year ly  survey group used 
warm soapy water .  In th e  1982 group one h o s p i t a l  i n c l u d e d  a M i l to n  
soak and another r in sed  the  equipment with Savlon (Table 4a). Of those 
h o s p i t a l s  t h a t  used l i q u i d i s e r s  t o  mix t h e  f e e d s ,  a p p r o x i m a t e l y  50$ 
(Tables  4a-4c) used the  l i q u i d i s e r  fo r  a l l  types  of food.
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TABLE 5a : Some of  the  in g r e d i e n t s  used in
h o sp i t a l -p re p a r e d  feeds  (1982 survey)
Type of water Type of milk Type of egg
Tap water from mains P as teu r i sed None
Tap water from mains P as teu r i sed Whole raw egg
Tap water from tank Pas teu r i sed  
Dried skim None
Tap water from mains P a s teu r i s e d  
Dried skim Whole raw egg
Tap water frcxn mains 
D i s t i l l e d  water from 
c o n ta in e r
P as teu r i sed  
Dried skim None
Tap water from mains Complan None
TABLE 5b : Some of  the  i n g r e d i e n t s  
h o s p i t a l -p re p a r e d  feeds
used in  
(1983 survey)
Type of  water Type of milk Type of egg
Tap water from mains None None
Tap water from mains Dried skim None
Tap water from mains P as teu r i sed Whole raw egg
Tap water from mains P a s teu r i se d None
TABLE 5c : Some of  th e  in g r e d i e n t s  
h o s p i t a l -p re p a r e d  feeds
used in  
(1984 survey)
Type of  water Type of  milk Type of egg
Tap water from mains P as teu r i sed  
Dried skim
None
Tap water from mains Dried skim None
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In  most h o s p i t a l s  t h e  f e e d s  were r e f r i g e r a t e d  fo r  most of the  
t ime between p repa ra t ion  and a d m in i s t r a t io n  (Tables 6a -6c) .  However,  
i n  one h o s p i t a l  the  feed was l e f t  fo r  up to  4h in  the  genera l  k i tchen  
a r e a  (Table 6b) and in  two h o s p i t a l s  t h e  feed  was somet imes l e f t  on 
t h e  to p  o f  the  p a t i e n t ' s  locker  in  the  ward fo r  up to  12h (Table 6a ).  
Also in  one h o s p i t a l  the  feed was t r a n s p o r te d  from the  k i t c h e n  t o  t h e  
ward on a warm b re a k fa s t  t r o l l e y  (Table 6b).
P a t i e n t s  received an average of  2000 ml o f  f e e d  pe r  day ove r  a 
p e r i o d  o f  12-24h ( T a b l e s  6 a - 6 c ) .  One e x c e p t i o n  t o  t h i s  was a 
p a e d i a t r i c  h o s p i t a l  where the  feed was a d m i n i s t e r e d  o v e r  3h p e r i o d s  
(T a b le  6 a ) .  In  seven  (58$) o f  t h e  h o s p i t a l s  in  the  1982 group the  
feeds were admin is te red  s o l e l y  by t h e  c o n t i n u o u s  d r i p  method, i n  4 
(33$)  a combination o f  continuous  d r ip  and bolus  feeding was used and 
i n  1 (8$) on ly  b o lu s  f e e d i n g  was used  ( T a b le  7 a ) .  In a l l  o f  t h e  
h o s p i t a l s  in the  1983 group th e  continuous d r ip  method was used (Table 
7b),  The cont inuous  d r ip  method was th e  method of a d m i n i s t r a t i o n  i n  
a l l  of  th e  1984 group of 8 h o s p i t a l s  but in  one h o s p i t a l  bolus feeding 
was c a r r i e d  out as well (Table 7c ) .
The volume of feed put in to  th e  n u t r i e n t  con ta ine r  when feed was 
being admin is te red  by th e  continuous d r ip  method var ied  from 400-1500 
ml.  N u t r i e n t  c o n t a i n e r s  to o k  from 2 - l6h  to  empty, the  average flow 
r a t e  b e in g  a p p r o x i m a t e l y  120-125 ml h-1 (Tables 7a -7c ) .  In the  one 
h o s p i t a l  where only bolus feeding  was used the  amount of feed put i n t o  
t h e  n u t r i e n t  c o n t a i n e r  was 50 ml and t h i s  was adm in is te red  over a 
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In  t h e  1982  g roup  t h e  n u t r i e n t  c o n t a i n e r s  were r e -u s e d  in  11 
( 92%) of the  h o s p i t a l s  (Table 7a ) .  In t h e  1983 and 1984 g ro u p s  t h e  
f i g u r e s  were 1 (20%) and 5 (63%) r e s p e c t i v e l y  (Tables 7b and 7 c ) .  Of 
those  h o s p i t a l s  where the  n u t r i e n t  c o n ta in e r s  were r e - u s e d  th e y  were 
s t e r i l i s e d  a f t e r  use  in  one h o s p i t a l  in  each o f  t h e  1983 and 1984 
groups.  In the  remainder o f  t h e  h o s p i t a l s  t h e  n u t r i e n t  c o n t a i n e r s  
were e i t h e r  washed p r i o r  t o  r e f i l l i n g  or  s im ply  r e f i l l e d  over 24h 
without washing. In two h o s p i t a l s  the  n u t r i e n t  c o n t a i n e r s  were used  
fo r  more than 24h (Table 7 a ) .
Fine-bore  e n t e r a l  feeding tubes  ( e . g .  C l in i fe e d ,  Vygon, Vioraedex) 
were used in a l l  of th e  h o s p i t a l s  ( T a b le s  7 a - 7 c ) .  Ryles  t u b e s  were 
a l s o  used in  a number o f  h o s p i t a l s  ( T a b le s  7 a - 7 c ) .  The t imes  fo r  
which the  tubes were l e f t  in  s i t u  in  the  p a t i e n t  va r ied  c o n s i d e r a b l y ,  
ranging from a few days to  s ev e ra l  months.
G en era l  comments i n s e r t e d  a t  t h e  ends  o f  t h e  q u e s t i o n n a i r e s  
i n c l u d e d  two r e f e r e n c e s  to  f e e d s  w i th  a c u r d l e d  a p p e a r a n c e  being 
admin is te red  to  p a t i e n t s  and a r e p o r t  t h a t  in  one h o s p i t a l  a feed  
s o l u t i o n  t u r n e d  g r e e n  during th e  course  of a d m in i s t r a t io n .  Also,  in  
one h o s p i t a l  contaminat ion o f  a fe ed  was d e t e c t e d  and t r a c e d  t o  an 
im p r o p e r l y  c l e a n e d  l i q u i d i s e r .  The rubber r ings  a t  the  base of the  
b l a d e s  had no t  been t a k e n  a p a r t  f o r  c l e a n i n g  and as a r e s u l t  a 




ENTERAL FEEDS AND FEED INGREDIENTS
3.1 INTRODUCTION
The i s o l a t i o n  o f  S t a p h . e p l d e r m i d i s , Ps s t u t s e r i  and B ac i l lu s  
spp.  from feed in g r e d i e n t s  by Gibbs (1983) and of B ac i l lu s  cereus  from 
Complan by Bastow ^  £ l . (1982) i n d i c a t e s  t h a t  t h e  f e e d s  or  feed 
i n g r e d i e n t s  th e m s e lv e s  may provide a source of p o t e n t i a l l y  hazardous 
organisms. T h e r e fo re  t h e  m i c r o b i o l o g i c a l  q u a l i t y ,  a t  t h e  t im e  o f  
p u r c h a s e ,  o f  a r an g e  o f  commonly used n a s o - g a s t r i c  feeds  and feed 
i n g r e d i e n t s  was i n v e s t i g a t e d .
3.2 MATERIALS AND METHODS
E n t e r a l  feeds  and i n g r e d ie n t s  -  c o l l e c t i o n  and p re p a ra t io n  of samples 
The f e e d s  and d i e t a r y  su p p le m e n t s  used i n  t h i s  s tu d y  were 
s e l e c t e d  to  be r e p r e s e n t a t i v e  o f  t h e  l a r g e  number o f  c o m m e rc i a l ly  
p r e p a r e d  l i q u i d  and powdered f o r m u la s  now a v a i l a b l e .  P r o d u c t s  
examined i n c l u d e d  10 co m p le te  f e e d s  (6 ÜHT p r o c e s s e d ,  m i l k - b a s e d  
l i q u i d  f e e d s ;  one d r i e d  m i lk  p r o t e i n  based  f e e d ;  one d r i e d ,  low 
r e s i d u e  fe e d  c o n t a i n i n g  whey p r o t e i n ;  and two d r i e d ,  e l e m e n t a l ,  
min imal  r e s i d u e  f e e d s ) ,  4 p r o t e i n  s o u r c e s  ( a l l  d r i e d ,  mi lk  p r o te in  
based p roduc ts ) ,  3 f a t  sources and 2 carbohydra te  s o u r c e s  ( T a b le  8 ) .  
P r o d u c t s  were o r d e r e d  from t h e  m an u fa c tu re r s / su p p l ie r s  a t  i n t e r v a l s  
over a 6 month period in  o r d e r  t o  o b t a i n  d i f f e r e n t  l o t  numbers f o r  
each  u n i t  sampled. Five u n i t s  ( i . e .  b o t t l e s ,  cans or packets )  of each 
p ro d u c t  were sampled;  3 sam ples  were t a k e n  from each  u n i t .  The 
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S p e c i f i c a t i o n s  f o r  Foods (ICMSF 1974) were followed when withdrawing 
samples from the  b o t t l e s ,  cans or  packets  in  order to  ensure  t h a t  the  
samples were as r e p r e s e n t a t i v e  as po ss ib le  of the  u n i t  from which they 
came. Thus, su r face  contaminat ion on the  ou ts ide  of packe ts  o f  d r i e d  
powder was removed by wiping with 70% (V/v) a lco h o l .  Each packet was 
then opened with a dry s t e r i l e  s c a l p e l .  S p e c i a l  c a r e  was t a k e n  t o  
avoid contaminating the  working a rea  or  the  samples by avoiding sudden 
movements and keeping the  l a b o ra to ry  doors and windows c l o s e d  (ICMSF 
1974). A m od i f ica t io n  of the  method descr ibed  by Harrigan and McCance 
( 1976) f o r  t h e  s am p l in g  o f  bu lk  m i lk  powders was th e n  used  f o r  
s am p l in g  t h e  d r i e d  powders .  The c o n t e n t s  o f  each p a c k e t  were 
t r a n s f e r r e d  to  a dry s t e r i l e  j a r  of s u f f i c i e n t  s i z e  to  allow mixing by 
shaking.
Using a d ry  s t e r i l e  m e ta l  s p a t u l a  a lOg sample  o f  powder was 
weighed out a s e p t i o a l l y  onto s t e r i l e  aluminium f o i l  and t r a n s f e r r e d  to  
a wide-mouthed  b o t t l e  con ta in ing  90ml s t e r i l e  water and g l a s s  beads. 
The b o t t l e  was shaken 25 t imes i n  12s with an excurs ion of  3Ocra. The 
r e c o n s t i t u t e d  product was l e f t  to  stand a t  room tempera ture  fo r  15rain. 
The b o t t l e  was i n v e r t e d  s e v e r a l  t im e s  and t h e  c o n t e n t s  examined 
im m e d ia t e ly .  S t e r i l e  d i s t i l l e d  water was used as th e  i n i t i a l  d i l u e n t  
because the  specimens being prepared were h ighly  s o l u b l e  d ry  powders 
and t h e r e  was t h e r e f o r e  l i k e l y  to  be a low a„ a t  the  lowest d i l u t i o n  
( S i l v e r s t o l p e  e t  a l ,  1961).
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B o t t l e s  and cans of feed were shaken v igo rous ly ,  25 t imes  in  12s, 
with an excursion of 30ora. The su r face  of  the  can or the  neck and l i d  
o f  t h e  b o t t l e  were then  wiped with 70% (V/v) a lcohol  and flamed. The 
co n ta in e r s  were inv e r ted  s e v e r a l  t im e s  and th e n  opened w i th  a d r y ,  
s t e r i l e  c a n / b o t t l e  opener where necessa ry .
Microb io log ica l  examination of samples
a) Viable  counts
The number o f  v i a b l e  c e l l s  p r e s e n t  in  t h e  e n t e r a l  f e e d s  was 
d e t e r m in e d  by s u r f a c e  p l a t i n g ,  as  s u b s e q u e n t l y  recommended by 
Greenwood e t  a l . (1984) a f t e r  they had c a r r i e d  out an i n t e r - l a b o r a t o r y  
e v a l u a t i o n  o f  m o l te n  agar  and su r face  methods fo r  the  enumeration of 
m i c r o - o r g a n i s m s  i n  fo o d s .  S u r f a c e  s p r e a d  p l a t e s  were p r e p a r e d  
fo llowing the  procedure descr ibed  by the  ICMSF (1978).
S e r i a l  decimal d i l u t i o n s  o f  t h e  sam ples  were p r e p a r e d  i n  0.1% 
(w/v) p ep to n e  w a te r  (pH 7 .0 ,  Oxoid). This was chosen as the  d i lu e n t  
throughout t h i s  s tu d y  b e ca u se  i t  has  been  d e m o n s t r a t e d  t o  be l e s s  
t o x i c  t o  m ic ro -o r g an i s m s  than  the  o ther  commonly used d i l u e n t s  which 
in c lude  tap  water,  d i s t i l l e d  water ,  s a l i n e  s o lu t io n ,  phosphate bu f f e r s  
and q u a r t e r  s t r e n g th  Ringer so lu t io n  (S t raka  and Stokes 1957, King and 
Hurst 1963 , Farwell  and Brown 1971, ICMSF 1978). Samples o f  0.1 and 
0 .5  ml from a t  l e a s t  f o u r  d i l u t i o n s  were spread over the  su r face  of 
p r e - d r i e d  (50®C fo r  2h) p l a t e s  o f  PCA, using a sep a ra te  s t e r i l e  g l a s s  
spreader  fo r  each p l a t e .  Three p l a t e s  were prepared a t  each d i l u t i o n .  
I n o c u l a t i o n  o f  t h e  p l a t e s  was always c a r r i e d  out wi th in  15-30min of
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t h e  p r e p a r a t i o n  o f  d i l u t i o n s  ( H a r r i g a n  and McCance 1976) ,  The 
su r face s  of the  inocu la ted  p l a t e s  were a l low ed  t o  d ry  f o r  15min and 
t h e  p l a t e s  were th e n  i n v e r t e d  and incubated  a t  37°C fo r  24h or 30°C 
fo r  48h.
A f t e r  i n c u b a t i o n  t h e  d i l u t i o n s  g iv ing  colony counts  between 30 
and 300 co lo n ie s  pe r  p l a t e  were co u n ted  (ICMSF 1978) and t h e  mean 
count expressed as cfu ml"1 or  cfu g“  ^ o f  the  o r i g i n a l  sample.
For d r ied  samples with low l e v e l s  of contamination (v iab le  counts  
(1 0 l  c f u  g"1)  t h e  r e s i d u a l  powder was sampled a g a i n  and 3 f u r t h e r  
packets bear ing  the  same l o t  number were a l s o  sam pled .  For l i q u i d  
samples with v ia b le  counts  <10^ c fu  ml"^ t h re e  f u r t h e r  c o n ta in e r s  with 
th e  same l o t  number were sampled.
b) Conforms
P o r t i o n s  ( 0 . 5  ml) o f  each  fe e d  were spread over th e  su r face  of 
two p r e - d r i e d  p l a t e s  o f  V i o l e t  Red B i l e  ag a r  (Oxoid) and two o f  
MacConkey agar (Oxoid).  The p l a t e s  were incubated a t  37°C fo r  24h and 
l a c to se - fe rm en t in g  co lon ie s  counted.
c) Staphylococcus aureus
P o r t i o n s  ( 0 .5  ml) o f  each feed  were spread over the  su r face  of 
two p l a t e s  of Bai rd-Parker  agar (Oxoid Bai rd-Parker  Medium CM 275 plus  
Oxoid Egg Yolk T e l l u r i t e  Emulsion SR 54).  The p l a t e s  were incubated 
a t  37°C f o r  24-48h .  T y p i c a l  b lack  co lon ie s  surrounded by a zone of
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o p a l e s c e n c e  o r  c l e a r i n g  were  counted,  subcu l tu red ,  and confirmed as 
S t a p h . a u re u s  by t e s t i n g  f o r  c o a g u l a s e  a n d / o r  d e o x y r i b o n u c l e a s e  
p roduct ion  (Cowan 1974).
d) B a c i l lu s  cereus
P o r t i o n s  ( 0 .5  ml) o f  each fe e d  were spread over th e  su r face  of 
two p l a t e s  of  polymyxin pyruvate egg yo lk  m a n n i to l  bromothymol b lu e  
a g a r  (PEMBA, Holbrook and Anderson 1980). P l a t e s  were incubated a t  
37°C and examined a f t e r  24h o f  i n c u b a t i o n  and th e n  l e f t  a t  room 
temperature  fo r  24h and r e - e x a m in e d .  T y p i c a l  t u r q u o i s e  or  peacock  
b lu e  c o l o n i e s  surrounded by an egg yolk p r e c i p i t a t e  of  s im i l a r  colour  
were counted.  The s t a i n i n g  method developed by Holbrook and Anderson
( 1 9 8 0 ) was used  t o  c o n f i rm  t h e  i d e n t i f i c a t i o n  o f  B, c e r e u s . This 
method d e m o n s t r a t e s  m i c r o s c o p i c a l l y  b o th  t h e  p r e s e n c e  o f  l i p i d  
g lobu les  in  v e g e ta t iv e  c e l l s  and spore  morphology of i s o l a t e s  and was 
shown by Holbrook and Anderson ( 198O) t o  give complete agreement with 
a range of biochemical t e s t s  used fo r  t h i s  purpose.
Incuba t ion  o f  samples of  feed
Normal p r o c e d u r e s  f o r  th e  a d m in i s t r a t io n  of  the se  feeds  involve 
the  prepared so lu t io n s  being hung a t  th e  p a t i e n t ' s  bedside  a t  h o s p i t a l  
ward t e m p e r a t u r e  f o r  8h and, in  some in s ta n c e s ,  up to  24h (Bastow ^  
a l . 1 9 8 2 ) .  Feeds  p r e p a r e d  i n  advance  may a l s o  be s t o r e d  i n  a
r e f r i g e r a t o r  overn ight (Anon. 1982).
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To d e t e r m in e  t h e  r a t e  o f  growth  of  indigenous micro-organisms, 
100ml samples of a l l  the  feeds and feed c o n s t i t u e n t s  were incubated  a t  
4,  25 o r  37°C fo r  24h. These temperatures  were s e le c ted  to  re p re se n t  
the  t e m p e r a t u r e s  t o  which t h e  f e e d s  would be s u b j e c t e d  i n  normal 
p r a c t i c e ,  namely t h a t  o f  t h e  r e f r i g e r a t o r  (4*^0), ambient (ward) 
t e m p e r a t u r e  (2 5 ‘^ C) and t h e  p a t i e n t ' s  body t e m p e r a t u r e  (37°C). I t  
should a lso  be noted t h a t  the  tempera ture  of the  i n c u b a t o r s  used f o r  
n e o n a t a l  c a r e  i s  a p p r o x i m a t e l y  37°C. Also,  ambient tempera tures  in  
t r o p i c a l  c l im ates  may be s u b s t a n t i a l l y  h igher  than  25'^C, For example, 
S ingh  2Ë  ( 1 9 8 0 ) q u o te  a t e m p e r a t u r e  as h ig h  as  37.5°C f o r
ambient/room tempera ture  in  In d ia .
D r ied  powders were f i r s t  r e h y d r a t e d  a c c o r d i n g  t o  t h e  
manufac tu rers '  i n s t r u c t i o n s .  S t e r i l e  d i s t i l l e d  w a te r  was used  i n  
o r d e r  to  avo id  i n t r o d u c i n g  p o s s i b l e  c o n ta m in a n t s  from t h e  w a te r  
s u p p l y .  P o r t i o n s  (100ml) o f  each  feed  were th e n  t r a n s f e r r e d  t o  
s t e r i l e  250ml E r len m ey e r  f l a s k s .  Three  samples  o f  each fe e d  were 
incubated  a t  each of the  tem pera tu res .  Viable counts  were made a t  0,  
8 and 24h.
3 . 3  RESULTS
Microbia l  content of e n t e r a l  feeds and feed in g re d ie n t s
No c o l i f o r m s  or S t a p h . a u r e u s  were i s o l a t e d  from any of the  19 
p r o d u c t s  and no c o n t a m i n a t i o n  a t  a l l  was d e t e c t e d  in  13 o f  the  19 
products examined.
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V i a b l e  c o u n t s  f o r  t h e  r e m a in in g  s ix  products  are  summarised in  
T a b le  9 and ranged  from 50-5444 cfu  g " ^ . The contaminated products 
were a l l  d r ied  powders c o n t a i n i n g  m i lk  and whey p r o t e i n s .  Four of  
t h e s e  were p r o t e i n  s o u r c e s  (Complan, Build-Up, Cas ilan and Maxipro) 
and t h e  re m a in in g  two were co m p le te  f e e d s  ( E n t e r a l  400 and 
T r io so rb o n ) .
The organisms i s o l a t e d  were mainly aerobic  spore-forming b a c i l l i .  
c e r e u s  was d e t e c t e d  ( a t  l e v e l s  of  410^ cfu  g” ^) i n  a t  l e a s t  one 
sample  o f  a l l  s i x  p roduc ts  and in  a l l  of the  samples of Build-Up and 
Complan. S t a p h . a l b u s  was i s o l a t e d  from t h r e e  o f  t h e  p r o d u c t s  
(B u i ld - U p ,  C a s i l a n  and Complan) bu t  c o u n t s  did not exceed 10^ g " ^ . 
The c o l o n i a l  and m i c r o s c o p i c  a p p e a ra n c e  o f  t h e  p redom inan t  
c o n t a m i n a n t s  i n  a l l  o f  t h e  samples of  Triosorbon examined were very 
s i m i l a r .  The organisms were t h e r e f o r e  i d e n t i f i e d  using th e  API system 
d e s c r i b e d  by Logan and B e r k e l e y  (1984),  and were found to  belong to  
t h e  B. sphaer icus  -  b r e v i s  group.
I t  i s  i m p o r t a n t  t o  n o t e  t h a t  wiping th e  o u ts id e  of  th e  packets  
and c a r t o n s  o f  feed  w i th  70% a l c o h o l  p r i o r  t o  o pen ing  does  n o t  
n e c e s s a r i l y  a c h i e v e  s t e r i l i s a t i o n  ( H a r r i g a n  and McCance 1976) .  
However, i t  seems u n l ik e ly  t h a t  the  organisms i s o l a t e d  were in t roduced  
d u r i n g  h a n d l i n g  i n  t h e  l a b o r a t o r y  s i n c e  no m i c r o - o r g a n i s m s  were 
de tec ted  in  any of th e  UHT processed ,  milk-based complete l i q u id  feeds  
nor  in  t h e  two dr ied  complete feeds  t h a t  did not con ta in  milk or whey
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TABLE 9 : Viable counts of e n te ra l feeds and feed in g re d ien ts
Viable  Counts (cfu  g -1 )1
No. o f  u n i t s  in  which s p e c i f ic  
b a c te r i a  de tec ted
range median B. cereus^ Staph, albus3
Build-Up 994 -  1334 1034 5 5
Casilan 147 -  1454 538 4 5
Complan 1422 -  5444 2456 5 5
E ntera l  400 41 67 60 3 0
Maxipro 50 168 69 3 0
Triosorbon 32 68 43 1 0
1 For each p roduct,  number of u n i t s  = 5; 3 samples taken  from each u n i t  and 
p la te  counts made in  t r i p l i c a t e ,  i . e .  9 p la te s  per u n i t .
B. cereus
3 s ta p h ,  albus
cfu  g"^ in  a l l  in s ta n c e s  where de tec ted  
ofu g” l in  a l l  in s ta n c e s  where detec ted
— 5 9 —
p r o t e i n s  (Vivonex and Vivonex HN). Also no contaminat ion was de tec ted  
in  any of the  f a t  or carbohydrate  sources  examined.
Incuba t ion  of samples of feeds
The 13 f e e d s  and feed in g re d i e n t s  o r i g i n a l l y  found to  be f r e e  of
c o n t a m i n a t i o n  showed no growth  a f t e r  Z4h a t  4, 25 or 37°C. In the
remaining s ix  p roducts ,  i n i t i a l  c o n t a m i n a t i o n  of  t h e  r e c o n s t i t u t e d  
f e e d s ,  ranged  from 10° t o  1q2 c f u  ml""^ ( F i g .  6 ) ,  No i n c r e a s e  or 
d e c r e a s e  i n  m icrob ia l  load was observed a f t e r  24h a t  4°C. S to rage  a t  
25°C r e s u l t e d  in  counts ranging from 10^ to  10^ cfu  ml"l a f t e r  8h and
t h i s  inc reased  to  1q7 and 10® cfu  ml"1 a f t e r  24h. After 8h and 24h a t
37°C, t h e  c o u n t s  r an g ed  from 10^ t o  10^ and 1o9 t o  lO^O c f u  ml”  ^

































CONTAMINATION OF ENTERAL FEEDS 
DURING ROUTINE HOSPITAL USE
4.1 INTRODUCTION
S e p t i c a e m i a  caused  by E n t . c loacae  derived from an e n t e r a l  feed 
c o n ta m in a t e d  in  the  d i e t  k i tchen  has been repor ted  by Casewell e t  a l .
( 1 9 8 1 ) and h o s p i t a l - p r e p a r e d  f e e d s  have been s u s p e c t e d  to  be the  
s o u r c e  o f  Sa lm . e n t e r i t i d i s  which has  caused  h o s p i t a l - a c q u i r e d  
g a s t r o - e n t e r i t i s  ( G i l l  and G i l l  1981).
Many of the  recen t  r e p o r t s  of  contaminat ion r e f e r  to  f e e d s  g iv en  
t o  p a t i e n t s  in i n t e n s i v e  care  u n i t s  (P o t tech e r  _et a l .  1979, Schre iner  
e t  a l . 1979, C asew el l  _e^ ^ . I 9 8 1 ) .  These p a t i e n t s  a r e  ve ry
s u s c e p t i b l e  t o  food p o i s o n i n g  a n d / o r  c o l o n i s a t i o n  and i n f e c t i o n  by 
micro-organisms p r e s e n t  i n  t h e  f e e d s .  This  p a r t  o f  t h e  s tu d y  was 
u n d e r t a k e n  to  examine th e  m ic rob ia l  q u a l i t y  of the  feeds admin is te red  
in  th e  In te n s iv e  Therapy Unit (ITU) of t h e  Glasgow W estern  I n f i r m a r y  
and t o  a s c e r t a i n  i f  t h e r e  was any c o r r e l a t i o n  be tween o rgan ism s  
i s o l a t e d  from feeds  and those  i s o l a t e d  from p a t i e n t s .
4.2 MATERIALS AND METHODS 
C o l le c t io n  of e n t e r a l  feeding s e t s
D is c a r d e d  C l i n i f e e d  System 3 e n t e r a l  f e e d i n g  s e t s  ( i . e .  t h e  
n u t r i e n t  co n ta in e r  p lus  g iv ing  s e t )  were c o l l e c te d  from th e  ITU of  the  
Glasgow Western  I n f i r m a r y  ove r  t h e  p e r i o d  from 9 t h  June  t o  19 th  
December, 1983.
- 61 -
The f e e d s  used i n  t h e  Weste rn  Inf i rmary  ITU during t h i s  per iod 
were Isooa l  (Mead Johnson L t d . ) ,  N u t r a u x i l  (KabiVit rum)  and Ensure  
(Abbott Labora to r ie s  L t d . ) .  These are  a l l  UHT processed,  low re s id u e ,  
m i l k - b a s e d  n u t r i t i o n a l l y  co m p le te  l i q u i d  f e e d s  s u p p l i e d  i n  can s  
( I s o o a l , Ensure )  and b o t t l e s  ( N u t r a u x i l ,  E n s u r e ) .  The feeds were 
adminis tered  e i t h e r  u n d i lu te d ,  or d i l u t e d  with s t e r i l e  d i s t i l l e d  water 
i n  t h e  n u t r i e n t  c o n t a i n e r .  The f i n a l  q u a n t i ty  of prepared feed in  
the  n u t r i e n t  co n ta in e r  ranged from 500-1000ml.
The n u r s i n g  s t a f f  o f  t h e  ITU c o l l e c t e d  t h e  d i s c a r d e d  feeding  
s e t s ,  c losed  th e  a i r  vents  and flow r e g u la to r s  and sea led  t h e  ends  o f  
th e  g iv ing  s e t s  with s t e r i l e  caps.
The f e e d i n g  s e t s  were t r a n s f e r r e d  to  a c o ld  room i n  t h e  
Bac ter io logy  Department o f  th e  Western In f irmary  p r i o r  t o  c o l l e c t i o n  
and t r a n s f e r  to  The Queen's College,  Glasgow.
Feed ing  s e t s  c o l l e c t e d  on t h e  day th e y  were d i s c a r d e d  were 
a s s a y e d  f o r  v i a b l e  b a c t e r i a  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y ,  those  
t h a t  were more than one day p o s t -d i s c a r d  were examined q u a l i t a t i v e l y  
only.
I s o l a t e s  from e n t e r a l  feeding s e t s
For  t h o s e  f e e d i n g  s e t s  t o  be examined q u a n t i t a t i v e l y ,  v i a b l e  
c o u n t s  were made on sam ples  o f  r e s i d u a l  feed  from t h e  n u t r i e n t  
c o n ta i n e r  and the  g iv ing  s e t  of the  d iscarded  feeding s e t .  Dupl ica te
— 6h —
0 .1m l samples  were spread over the  su r face  of  p re -d r i ed  p l a t e s  (SO^C 
fo r  2h) o f  Sheeps’ Blood Agar (SBA; Oxoid Blood Agar Base CM5 5 p lu s  
Oxoid D e f i b r i n a t e d  Sheep Blood SR52) and th e  p l a t e s  were incubated  
a e r o b i c a l l y  at  37°C fo r  24h. R epresen ta t ive  co lon ie s  were subcul tured  
and p u r i f i e d  by s t r e a k in g  on Sheeps’ Blood Agar p l a t e s  and i n c u b a t e d  
a t  37°C fo r  24h.
For  f e e d i n g  s e t s  which were only  to  be examined q u a l i t a t i v e l y ,  
d u p l i c a te  samples of r e s i d u a l  feed from t h e  n u t r i e n t  c o n t a i n e r  and 
g i v i n g  s e t  were s t reaked  onto p l a t e s  of Sheeps’ Blood Agar, incubated 
a t  37°C f o r  24h and r e p r e s e n t a t i v e  colony types  p u r i f i e d  as desc r ibed  
above.
G r a m - s ta in e d  f i l m s  were prepared on young c u l t u r e s  (l8-24h) of 
a l l  i s o l a t e s .  Fur ther  i d e n t i f i c a t i o n  of i s o l a t e s  was done by s tandard  
b a c t e r i o l o g i c a l  t e c h n i q u e s  (Cowan 1974, Harrigan and McCance 1976). 
Gram nega t ive  o rg an ism s  were t e s t e d  u s i n g  t h e  API 20E sys tem (API 
L a b o r a t o r y  Products L td . )  fo llowing the  procedures recommended by the  
m a n u f a c t u r e r .  The o rg a n ism s  were i d e n t i f i e d  u s in g  t h e  c o d e r  and 
p r o f i l e r  index (Anon. 1979).
Where a p p r o p r i a t e ,  an u n i n o c u l a t e d  tube or p l a t e  was incubated 
with each t e s t  in  order  to  d e te c t  any f a l s e  p o s i t i v e  r e s u l t s  due t o  
i m p u r i t i e s  i n ,  o r  a d e t e r i o r a t i o n  o f ,  media or r e a g en t s .  S t r a i n s  of 
b a c t e r i a  (NCTC c u l tu r e s ;  Appendix C) known t o  g iv e  p o s i t i v e  r e s u l t s
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were  a l s o  used to  check  t h a t  each batch of  medium was s a t i s f a c t o r y .  
A n t ib io t i c  s e n s i t i v i t y  was t e s t e d  with Multodisks (Oxoid).
I s o l a t e s  from p a t i e n t s
Over t h e  p e r i o d  o f  t h e  study a record  was kept of i s o l a t e s  from 
g a s t r i c  a s p i r a t e s ,  s t o o l s  e t c . ,  c o l l e c t e d  from p a t i e n t s  r e c e i v i n g  
e n t e r a l  f e e d s .  These i s o l a t e s  were i d e n t i f i e d  by s tandard  techniques  
(Cowan 1974).  A n t i b i o t i c  s e n s i t i v i t y  was t e s t e d  w i th  M u l to d i s k s  
(Oxoid),
4 .3  RESULTS
A t o t a l  o f  68 d i s c a r d e d  f e e d i n g  s e t s  was c o l l e c t e d  from 14 
p a t i e n t s .  The r e s u l t s  a re  summarised i n  Table 10, Twelve of th e  s e t s  
were n o t  c o r r e c t l y  s e a l e d  ( a i r  v e n t  l e f t  open or  g i v i n g  s e t  not 
s ea led )  and were t h e r e f o r e  not examined f u r t h e r ,  s i n c e  c o n t a m i n a t i o n  
o f  t h e s e  s e t s  cou ld  p o s s i b l y  have o c c u r r e d  a f t e r  removal from the  
p a t i e n t .  Of the  remaining 56 s e t s  a l a r g e  p r o p o r t i o n  (45) were n o t  
r e c e i v e d  fo r  examination u n t i l  one or two days a f t e r  removal from the  
p a t i e n t s ’ bedside and, s ince  they  had been s to red  a t  ward t e m p e r a t u r e  
f o r  i n d e t e r m in a t e  pe r iods  of time dur ing which any contaminants could 
have m u l t i p l i e d ,  no v iab le  counts  were made.
F i f t y  of t h e  f e e d i n g  s e t s  were found to be contaminated and the  
most f r e q u e n t l y  i s o l a t e d  o rg an ism s  were B ac i l lu s  sp p . ,  Micrococcus
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s p p .  and S t a p h . a l b u s . O ther  o rg an ism s  i s o l a t e d  i n c l u d e d  Cand. 
a l b i c a n s , S t a p h . a u r e u s , A cinetobac ter  ca lco ace t io u s  va r .  a n i t r a t u s , 
a e r o g e n e s , JK. o x y t o c a , E n t . s a k a z a k i i , A l c a l i g e n e s  spp .  and 
S t r e p t o c o c c u s  spp ( L a n c e f i e l d  Group D) , In  a l l  t h e  f e e d i n g  s e t s  
examined t h e  same o rg an ism s  were i s o l a t e d  from th e  r e s id u a l  feed in  
both the  n u t r i e n t  c o n ta in e r  and t h e  g i v i n g  s e t  o f  each  sys tem and 
t h e r e f o r e  c o n t a m i n a n t s  w i l l  be r e f e r r e d  to  as occur r ing  in  r e s i d u a l  
feed in  the  feeding s e t  r a t h e r  than in  e i t h e r  the  n u t r i e n t  c o n t a i n e r  
o r  g iv ing  s e t .
In  T a b le  11 t h e  f e e d s  given to  t h r e e  of th e  p a t i e n t s  a re  l i s t e d  
to g e th e r  with a l i s t  of the  micro-organisms i s o l a t e d  frcrai the  r e s i d u a l  
feed in  th e  feeding  s e t s .  I t  can be seen th a t  th e re  are  examples of 
contaminat ion  both in  u n d i l u t e d  f e e d s  and f e e d s  d i l u t e d  w i th  w a te r  
( p a t i e n t s  6 and 1 1 ) .  A lso ,  t h e r e  a r e  c a s e s  i n  which th e r e  was no 
contaminat ion in  e i t h e r  u nd i lu ted  or d i lu te d  feeds  ( p a t i e n t s  2 and 6 ) .
E leven  f e e d i n g  s e t s  were sampled on the  same day t h a t  they were 
removed from t h e  p a t i e n t .  V ia b le  c o u n t s  f o r  t h e  r e s i d u a l  fe ed  i n  
t h e s e  s e t s  ranged from 4 ,5  x 10^ to  2 .2  x 10^ cfu  ml"1 o f  feed (Table 
12 ) .  The c o u n t s  f o r  sam ples  o f  r e s i d u a l  feed  from t h e  n u t r i e n t  
c o n t a i n e r  and g i v i n g  s e t  were v e r y  s i m i l a r  and t h e r e f o r e  t h e i r  
a v e r a g e  i s  g iv e n  i n  T a b le  12.  The a n t i b i o t i c  s e n s i t i v i t y  o f  t h e  
m i c r o - o r g a n i s m s  i s o l a t e d  i s  a l s o  d e t a i l e d  in  Table 12 and i t  can be 
s e e n  t h a t  S t a p h . a l b u s , which was r e s i s t a n t  to  a l l  the  a n t i b i o t i c s
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TABLE 11 : Examples o f  t h e  f e e d s  g iv e n  t o  p a t i e n t s  i n  t h e  ITU
o f  t h e  Glasgow W estern  I n f i r m a r y  be tw een  9 .6 .8 3  and 
and 1 9 . 1 2 . 8 3 , t o g e t h e r  w i th  t h e  m ic ro -o rg a n is m s  
i s o l a t e d  from r e s i d u a l  f e e d s
P a t ien t
No.
Date Feed Micro-organisms i s o l a t e d  
from re s id u a l  feed
2 7 . 07 . 83 2 cans Isooa l  + 600 ml HgO None
7.07.83 3 cans Isooa l  made up to  
1000 ml with H2O
None
6 25.07.83 1 b o t t l e  Nutrauxil Staph, aureus ,  
A lcaligenes  spp. 
B ac i l lu s  spp.
2 7 . 07 . 83 2 b o t t l e s  Nutrauxil None
2 7 . 07 . 83 2 b o t t l e s  Nutrauxil Staph, a lbus ,  
B ac i l lu s  spp.
11 19 . 11.83 2 cans Isooa l  made up to 
750  ml with H2O
Staph, albus
2 5 . 11.83 2 cans Isooa l  + 2 cans 
Ensure
Ent.  sakazak i i
26.11.83 II II II II II II It II
2 6 . 11.83 II II II II II II II II
28.11.83 4 cans Ensure Micrococcus spp.
3 0 . 11.83 2 cans I sooa l  + 2 cans 
Ensure
B ac i l lu s  spp.
2 . 12.83 4 cans Isooa l Ent.  sakazaki i
3 . 12.83 II II II Micrococcus spp.
4 . 12.83 2 cans Isooa l  + 2 cans 
Ensure
Ent. sakazak i i
5 . 12.83 II II II II It II Microcoocus spp. 
B ac i l lu s  spp.
5 . 12.83 4 cans Isooa l B ac i l lu s  spp.
6 . 12.83 II II II II II
6 . 12.83 II II II Micrococous spp.
8 . 12.83 II II II Ent. s akazak i i
8 . 12.83 II II II II II
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TABLE 12 : Viable counts and d e t a i l s  of micro-organisms i s o la te d  from
feeds c o l le c te d  on the  day of removal from th e  p a t i e n t .
All p a t i e n ts  were rec e iv in g  e n te ra l  feeds in  the  ITU of 
the  Glasgow Western Infirm ary
P a tien t
No.
Date Viable count 
cfu ml"1
Organisms i s o la te d A n t ib io t ic
S e n s i t iv i ty *
7.07.83 2.1 X 1q3
29.07.83 2.2 X 103
15.08.83 4,5 X 1Q2
16.08.83 1.4 X 103
16.08.83 1.8 X 103
A cinetobacter 
c a lc o a ce t ic u s  var 
a n i t r a tu s
Staph, aureus
Mlcrocococcus spp. 
S taph . albus
Acinetobacter 
c a l c , var a n i t r a t u s
Streptococcus spp.
B ac il lu s  spp.
ÏC. aerogenes 
S treptococcus spp
8 17.08.83 2.0 X 103 Staph, albus
9 4.09.83 4.8 X 102 Staph, albus
11 8.12.83 2.3 X 103 E n t . sakazak ii
11 8.12.83 1.5 X 103 Ent. sakazakii
14 13.12.83 7.3 X 102 B ac il lu s  spp.
14 16.12,83 6.8 X 102 B ac il lu s  spp.
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Cephradine
10. a r t  S e * \S ih \/t to anti bi otvcs
CN Gentamicin 
PRL P i p e r a c i l l i n  
TIC T i c a r c i l l i n  
MEZ M ezloc il l in  
CTX Cefotaxime 
AZL A z lo c i l l in




































t e s t e d  e x ce p t  f o r  erythromycin ,  was i s o l a t e d  from r e s id u a l  feed from 
p a t i e n t  7 on 2 9 . 7 . 8 3  and t h r e e  weeks l a t e r  on 1 7 .8 .8 3  s i m i l a r  
o rg a n i sm s  were i s o l a t e d  from the  re s idue  of  the  feed given to  p a t i e n t  
8 .  A c in e to b a c te r  c a lc o a c e t i c u s  va r .  a n i t r a t u s  organisms with s im i l a r  
a n t i b i o t i c  s e n s i t i v i t y  were i s o l a t e d  from the  feed given to  p a t i e n t  5 
on 7 . 7 . 8 3  and from p a t i e n t  8, f i v e  weeks l a t e r  on 15 .8 .83.
F a e c a l  s t r e p t o c o c c i  w i th  s i m i l a r  a n t i b i o t i c  s e n s i t i v i t y  were 
i s o l a t e d  from t h e  r e s i d u a l  feed  o f  p a t i e n t  8 on c o n s e c u t i v e  days 
( 1 5 . 8 . 8 3  and 1 6 . 8 . 8 3 ) and E n t . s a k a z a k i i  o rgan ism s  w i th  s i m i l a r  
a n t i b i o t i c  s e n s i t i v i t y  were i s o l a t e d  from two consecutive  feeds given 
to  p a t i e n t  11 (8 .1 2 .8 3 ) .  In f a c t ,  t h e  l a t t e r  o rg an ism  was i s o l a t e d  
from r e s id u a l  feed in  seven of th e  d iscarded  s e t s  from p a t i e n t  11 over 
t h e  period from 25.11.83 t o  8 ,12 .83  (Table 11).  E n t , s ak azak i i  was not 
i s o l a t e d  from any of the  samples from the  p a t i e n t  dur ing t h i s  t ime.
D e ta i l s  of t h e  o rg a n ism s  i s o l a t e d  from g a s t r i c  a s p i r a t e s  and 
f a e c e s  a r e  g iv e n  i n  T a b le  13. In  one i n s t a n c e  t h e  organism Cand. 
a lb i c a n s  was i s o l a t e d  from both the  feed and the  g a s t r i c  a s p i r a t e  of a 
p a t i e n t  ( p a t i e n t  1 ) .  Both t h e  organisms i s o l a t e d  from the  feed and 
th ose  i s o l a t e d  from the  p a t i e n t  were r e s i s t a n t  to  a l l  th e  a n t i b i o t i c s  
t e s t e d  e x ce p t  f o r  n y s t a t i n ,  a m p h o t e r i c i n  B and f l u c y to s in e .  Five 
months  l a t e r  Cand. a l b i c a n s  o rg a n ism s  w i th  s i m i l a r  a n t i b i o t i c  
s e n s i t i v i t y  were i s o l a t e d  from s to o l  samples from p a t i e n t  10, but were 
not de tec ted  in  any of the  feed samples from t h i s  p a t i e n t .
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TABLE 13 : Micro-organisms i s o l a t e d  from p a t i e n t s  r ece iv ing
e n t e r a l  feeds  in  th e  ITU of t h e  Glasgow Western 
In f i rm ary  between 9 .6 .83  and 19.12.83
P a t i e n t
No.







g a s t r i c  a s p i r a t e Cand. a lb ic an s
4.07.83 y eas t s
28.07.83
1.08.83
la c to se  fermenting 
coli forms
Torulopsls  g l a b r a t a
10 2 5 . 10.83  r e c t a l  swab
2 7 . 10.83  s to o l
Streptococcus  spp . ,  
Ps aeruginosa
Cand. a l b i c a n s ,
Ps a e rug inosa ,
Ent.  c loacae
11 2 8 . 11.83  g a s t r i c  a s p i r a t e E. c o l i , Acinetobacter  
c a l c o a c e t i c u s  va r .  
a n i t r a t u s .
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CHAPTER 5
EXPERIMENTAL CONTAMINATION OF ENTERAL FEEDS
5.1 GROWTH OF MICRO-ORGANISMS IN ENTERAL FEEDS UNDER LABORATORY
CONDITIONS
5.1 .1  INTRODUCTION
The rapid  m u l t i p l i c a t i o n  of micro-organisms in  e n t e r a l  feeds 
h a s  been repor ted  by a number of au thors  (White _et a l . 1979, Furtado 
e_t 1 9 8 0 , Simmons 1981, Bastow _et 1982, Gibbs 1983). However,
b o th  F u r ta d o  e ^ ^ .  ( I 98O) and Stanek _et ( 1983) demonstrated t h a t  
no t  a l l  e n t e r a l  f e e d s  support  m icrob ia l  growth, Stanek e t  a l .  ( 1983 ) 
repo r ted  t h a t  when sam ples  o f  an e l e m e n t a l  d i e t  were a r t i f i c i a l l y  
c o n ta m in a t e d  w i th  10^ o rg a n i sm s  m l " ”* o f  S t a p h . a u r e u s , S a lm . 
e n t  e r  i t  i d i s , _Y, e n t  e r o  c o l i  t i c  a , Ps a e r u g i n o s a , Camp, j e j u n i , Cand. 
a l b i c a n s  or  Cand. t r o p i c a l i s  and incubated  a t  22°C fo r  24h, only Ps 
a e r u g i n o s a  and the  Candida spp. showed any growth, the  numbers of the  
remaining organisms e i t h e r  remaining constan t  o r ,  in  the  case of Camp. 
j e j u n i , be ing reduced.  Furtado ^  (1980) a l so  noted t h a t  in  f u l l
s t r e n g t h  Vivonex HN, S t a p h . a u re u s  and S ta p h , ep idermid is  remained 
v i a b l e  bu t  d id  no t  p r o l i f e r a t e  and t h a t  n e i t h e r  Ps. aeruginosa  nor 
group B s t r e p to c o c c i  surv ived when incubated a t  37°C fo r  24h.
I t  would appear t h a t  more in format ion  i s  needed on the  growth  o f  
m i c r o - o r g a n i s m s  in  e n t e r a l  feeds and, t h e r e f o r e ,  a study was c a r r i e d  
out to  0emparé the  r a t e s  of growth in  e n t e r a l  f e e d s  o f  a v a r i e t y  o f  
commonly encountered b a c t e r i a l  contaminants .
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5 . 1 . 2  MATERIALS AND METHODS
S t r a i n s  and Inocula
Two s t r a i n s  of each of the  following b a c t e r i a l  sp ec ie s  were used: 
S t a p h , aureus  (NCTC 10652, 10657), Ps aeruginosa  (NCTC 6750, 10332), 
E n t . c l o a c a e  (NCTC 10005, 8 1 5 5 ) ,  E. c o l i  (NCTC 8007, 8603) and K. 
aerogenes (NCTC 8172, 9997).
B ac te r ia  were grown aind mainta ined from the  o r i g i n a l  f r ee ze -d r ied  
c u l t u r e s  a c c o r d i n g  to  t h e  p ro c e d u r e  d e t a i l e d  in  Lapage e t  a l . 
( 1970) .  They were s t o r e d  on N u t r i e n t  Agar (Oxoid) s lopes  (Lapage, 
S h e l t o n  and M i t c h e l l ,  1970) and r e f r i g e r a t e d  a t  4°C a f t e r  growth a t  
37®C f o r  I8h .  Each s l o p e  c u l t u r e  was opened only four t imes  and was 
discarded  a f t e r  four weeks. When requ i red  for i n o c u l a t i o n  a l o o p f u l  
o f  t h e  a p p r o p r i a t e  c u l t u r e  was s t reaked  onto P l a t e  Count Agar (PCA, 
Oxoid) and in c u b a t e d  a t  37^0 f o r  24h. A s i n g l e  co lony  was th e n  
t r a n s f e r r e d  to 10ml N u t r ien t  Broth No. 2 (Oxoid) and incubated a t  37°C 
fo r  I8h.
S e r i a l  d i l u t i o n s  were made of  each overn ight c u l t u r e  using 9ml 
q u a n t i t i e s  of 0.1% (w/v) p e p to n e  w a te r  (Oxoid) and 1.0ml from t h e  
a p p ro p r ia t e  d i l u t i o n  was used as the  inoculum.
P u r i ty  of the  c u l tu r e s  was checked a t  t h e  b e g i n n i n g  and end o f  
each  e x p e r im e n t ,  sam ples  be in g  s t r e a k e d  onto ap p ro p r ia te  s e l e c t i v e  
media and Gram s ta in ed  f i lms  prepared .
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Enteral feeds
The f e e d s  used were C l in i feed  400, a UHT processed ,  mi lk-based , 
n u t r i t i o n a l l y  c o m p le te  l i q u i d  fe e d  (R o u s se l  L a b o r a t o r i e s  Ltd ;  
p r e l i m i n a r y  e x p e r im en t  o n l y ) ;  C l i n i f e e d  ISO, a UHT p r o c e s s e d ,  
i s o c a l o r i c ,  i s o t o n i c ,  mi lk-based n u t r i t i o n a l l y  co m ple te  l i q u i d  fe e d  
(R o u s se l  L a b o r a t o r i e s  L t d . ) ;  Tr iosorbon, a dr ied  low re s id u e ,  whole 
p r o t e in ,  l a c t o s e - f r e e  feed (E. Merck L t d . ) ;  Vivonex Standard,  a d r i e d ,  
e l e m e n t a l ,  minimal r e s id u e  p rep a ra t io n  (Eaton Labora to r ie s  L t d . ) ;  and 
Vivonex HN, a d r i e d ,  e l e m e n t a l ,  h ig h  n i t r o g e n ,  minimal r e s i d u e  
p re p a ra t io n  (Eaton L a b o ra to r ie s  L td ) .
Cans and packets  of feed were opened a s e p t i c a l l y ,  as descr ibed  in  
Ch. 3 .2 .  Dried feeds  were rehydra ted  according to  the  m a n u f a c t u r e r s ’ 
i n s t r u c t i o n s  but using s t e r i l e  d i s t i l l e d  water .
In order to  minimise v a r i a t i o n  i n  t h e  c o m p o s i t io n  o f  t h e  f e e d  
s am p le s  used  f o r  d i f f e r e n t  b a c t e r i a ,  bu lk  samples of a l l  the  feeds 
were thoroughly  mixed in  s ep a ra te  s t e r i l e  2000ml c o n i c a l  f l a s k s  f o r  
each  exper im en t ,  fo llowing which a 20ml sample was removed and th e  pH 
measured. Por t ions  of feeds  (100ml) were then t r a n s f e r r e d  t o  s t e r i l e  
250ml Er lenm eyer  f l a s k s .  The composit ion,  pH and osmolar i ty  of each 
of the  feeds  a re  shown i n  Table 14.
Procedure
A pre l iminary  experiment was c a r r i e d  out to compare th e  growth of  
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Four co n cen t ra t ions  of  feed were prepared,  namely, und i lu ted  C l in i feed  
400 ( d i r e c t  frcxn can) ,  f u l l - s t r e n g t h  C l in i feed  400 (prepared according 
to  the  manufacturers  i n s t r u c t i o n s ;  75ml C l in i feed  400 p lus  25ml water)  
and two f u r t h e r  d i l u t i o n s  of C l in i fe e d  400 (50ml feed plus  50ml w a te r  
and 25ml feed plus  75ml w a t e r ) .
Samples  (100ml) of th e se  feeds were t r a n s f e r r e d  to  s t e r i l e  250ml 
Erlenmeyer f l a s k s  and inocu la ted  with c o l i  to  give an i n i t i a l  count 
o f  10^ _ lo3 c f u  ml-1 fe e d  (Bastow _al. 1982) .  The f l a s k s  were
i n c u b a t e d  a t  25°C and samples taken fo r  v iab le  counts a t  0, 2,  4,  8,
16 and 24h.
For t h e  main e x p e r i m e n t s  one ml o f  the  a p p ro p r ia te  d i l u t i o n  of 
each b a c t e r i a l  inoculum was t r a n s f e r r e d  to  each o f  3 s e p a r a t e  f l a s k s  
c o n t a i n i n g  100ml of f r e s h l y  prepared feed to  give an i n i t i a l  count of 
1q2 -  lo3 cfu  ml"1 o f  feed (Bastow e t  £ l .  1982). Afte r  c a r e fu l  mixing
a v i a b l e  cou n t  was made on a sample of feed from each f l a s k .  Flasks
were  t h e n  i n c u b a t e d  a t  4 ,  25 o r  37°C and samples  taken  fo r  v ia b le  
counts  as descr ibed  i n  Ch. 3.2  a t  4, 8 and 24h.  The e x p e r im e n t  was 
r e p e a t e d  t h r e e  t i m e s .  C o n t r o l  e x p e r im e n t s  with uninocula ted  feeds 
were done s imul taneous ly .
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5 . 1 . 3 .  RESULTS
E f fe c t  of  feed concen t ra t ion  on the  growth of E. c o l i
The r a t e  o f  growth  of  c o l i  i n  a r an g e  of co n cen t ra t ions  of 
C l i n i f e e d  400 a t  25°C i s  shown in  F i g .  7 .  I t  can be seen t h a t  the  
r a t e  of growth a t  a l l  four c o n c e n t r a t i o n s  t e s t e d  was ve ry  s i m i l a r .  
Numbers i n c r e a s e d  from an i n i t i a l  coun t  of  10^ organisms ml"l to  
10^*5 o rgan ism s  ml"1 a f t e r  8h,  lO^-IO^ organisms ml“  ^ a f t e r  I6h and 
10®-109 organisms ml“  ^ a f t e r  24h.
Growth of b a c t e r i a  in  a range of e n t e r a l  feeds
Both s t r a i n s  of each of the  b a c t e r i a l  spec ies  used,  namely S taph . 
a u r e u s , Ps ae rug inosa , E n t . c lo a c a e , c o l i  and aerogenes grew at  
s i m i l a r  r a t e s  in  a l l  t h e  e x p e r i m e n t s  and the  r e s u l t s  given a re  the  
a v e r a g e  c o u n t s  o b t a i n e d .  The r e s u l t s  f o r  a l l  t h e  f e e d s  e x c e p t  
T r i o s o r b o n  are  presented in  Figures 8-10. No organisms were de tec ted  
in  the  co n t ro l  f l a s k s  fo r  C l in i feed  ISO, Vivonex S ta n d a rd  ( f u l l  and 
h a l f  s t r e n g t h )  o r  Vivonex HN. For each of  the  th r e e  experiments the  
c o n t r o l  f l a s k s  o f  T r i o s o r b o n  were found to  be c o n ta m in a t e d  w i th  
a e r o b i c  sporeforraing b a c i l l i ;  the  counts  increased  over 8h from <10^ 
t o  lo"* a t  25°C and 10^ c fu  ml” ”' a t  37^C. Afte r  24h counts had r i s e n  
to  1q7 and 10^ cfu ml"1 a t  25 and 37°C r e s p e c t i v e l y .
The counts fo r  a l l  t h e  t e s t  s t r a i n s  i n  a l l  t h e  f e e d s  remained  
f a i r l y  constant a t  10^ -  1q3 ml” ’' over 24h a t  4®C (F ig .  8 ) .
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FIGURE 7 The grow th o f  E. c o l i  in  a  range o f  
c o n c e n tr a t io n s  o f  C l in i f e e d  400  a t  25*^0 ( d i lu e n t  
s t e r i l e  w a te r ) .
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FIGURE 8 Growth o f  v a r io u s  s p e c ie s  o f  b a c t e r ia  
i n  C l in i f e e d  ISO,
V ivonex HN a t  4^0.
 V ivonex Standard and .0
KEY
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A ll  t e s t  o rgan ism s  m u l t i p l i e d  r a p i d l y  i n  bo th  C l i n i f e e d  ISO and 
Tr iosorbon a t  25 and 37'^C. The counts  inc reased  over 8h from 10^ - 1 q3 
t o  10^ -  105 a t  25°C and t o  105 -  iq6 cfu  ml"1 a t  37^C (F igs  9 and 
10).  I t  was d i f f i c u l t  t o  make accu ra te  counts of th e  numbers o f  t e s t  
organisms in  Triosorbon due to  the  growth of  contaminants .  Afte r  24h, 
c o u n t s  i n  C l i n i f e e d  ISO were 10^ -  1q9 and 10^ -  lO^O cfu  ml"1 a t  25 
and 37°C r e s p e c t i v e l y ;  24h v iab le  counts fo r  th e  t e s t  organisms were 
not made fo r  Tr iosorbon due t o  t h e  r a p i d  growth o f  c o n t a m i n a n t s ,  A 
co m p ar i so n  o f  t h e  e f f e c t  of tempera ture  on the  r a t e  of  growth of  a l l  
the  t e s t  s t r a i n s  in  C l in i feed  ISO i s  presented in  Fig ,  11,
At 37°C the  r a t e  o f  growth o f  both s t r a i n s  of E n t . c loacae  and 
a e r o g e n e s  in  h a l f - s t r e n g t h  Vivonex S ta n d a rd  was s im i l a r  to  t h a t  in  
C l i n i f e e d  ISO ( F i g ,  10 ) ,  Growth o f  bo th  s t r a i n s  o f  c o l i  and Ps 
a e r u g i n o s a  in  h a l f - s t r e n g t h  Vivonex was s l i g h t l y  i n h i b i t e d  i n i t i a l l y ,  
o n ly  r e a c h i n g  10^ c f u  ml"! a f t e r  8h, However, growth was then more 
r a p i d ,  r e a c h i n g  10® and 1 o9 c f u  ml"^ r e s p e c t i v e l y  a f t e r  24h, Half 
s t r e n g t h  Vivonex i n h i b i t e d  t h e  growth  o f  bo th  s t r a i n s  o f  S t a p h . 
a u r e u s  a t  b o th  25 and 37°C, t h e r e  b e in g  v e ry  l i t t l e  i n c r e a s e  in  
numbers a f t e r  8h and the  f i n a l  count a t  both temperatures  being only 
1o3 c f u  ml-1 ( F i g s  9 and 1 0 ) ,  Growth o f  a l l  t h e  r e m a in in g  t e s t  
o rg a n i s m s  was s lo w er  a t  25°C i n  h a l f - s t r e n g t h  Vivonex th a n  i n  
C l in i feed  ISO, counts a f t e r  8h ranging from 103 -  10^ and those  a t  24h 
from 10® -  10® c fu  ml~1 (F ig .  9 ) .
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FIGURE 9 Growth o f  v a r io u s  s p e c ie s  o f  b a c t e r ia  
in  C l in i f e e d  ISO, V ivon ex  Standard and  
V ivonex HN a t  25 C,
For Key t o  sym bols s e e  F ig . 8 (page 76b)
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FIGURE 10 Growth o f  v a r io u s  s p e c ie s  o f  b a c t e r ia  
in  C l in i f e e d  ISO, V ivon ex  Standard , and 
V ivonex HN a t  37 C.
For Key t o  sym bols s e e  F ig . 8 (page 7 6 b ) .
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In  f u l l - s t r e n g t h  Vivonex S t a n d a r d  t h e  growth  o f  a l l  the  t e s t  
o rg a n i s m s  was i n h i b i t e d  a t  25^0 (F ig .  9 ) ,  th e re  being no in c r e a s e  in  
numbers  a f t e r  8h o r  24h w i th  t h e  e x c e p t i o n  o f  aerug inosa  which 
showed an i n c r e a s e  in  numbers from 103 to  10^ cfu  ml"1 between 8 and 
24h .  Both S t a p h . a u r e u s  and c o l i  were a l s o  i n h i b i t e d  a t  3T^C, 
numbers  o n ly  i n c r e a s i n g  from 10^ to  1o3 -  lO^ c fu  ml"1 i n  24h (F ig .  
1 0 ) .  However,  t h e  r e m a i n i n g  organisms, Ps a e ru g in o sa , JK. aerogenes 
and E n t . c l o a c a e  m u l t i p l i e d  to  give counts  of  10^ -  10^ a f t e r  8h and 
108 -1o9 c fu  ml-1 a f t e r  24h.
None of the  t e s t  organisms m u l t i p l i e d  in  f u l l  s t r e n g t h  Vivonex HN 
( F i g s  8 ,  9 and 1 0 ) ,  Counts  f o r  b o th  s t r a i n s  o f  Ps. a e r u g i n o s a  
decreased  from 10^ to  10^ c fu  ml"1 a t  a l l  t h r e e  tem pera tures  a f t e r  4h. 
Counts  rem ained  a t  t h i s  l e v e l  a f t e r  8h a t  4®C but a f t e r  8h a t  25 and 
37®C and a f t e r  24h a t  4®C a l l  counts  were <10°  cfu  ml"1. There was 
no change  i n  t h e  numbers of S ta p h , aureus  over 24h, counts  remaining 
a t  10^ c f u  ml"1 a t  4,  25 and 37°C. JE, c o l i  su rv ived  fo r  24h a t  4°C 
b u t  showed a d e c r e a s e  from 10^ t o  10^ a f t e r  8h and to  10° c fu  ml“  ^
a f t e r  24h a t  25 and 37°C. S t r a i n s  o f  ïC. aerogenes  and E n t . c loacae  
s u r v i v e d  f o r  24h a t  4° and 25°C, b u t  dec rea sed  from 10^ to  10^ c fu  
m l" ’' a f t e r  24h.
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5.2  GROWTH OF MICRO-ORGANISMS IN ENTERAL FEEDS UNDER SIMULATED
WARD CONDITIONS
5 .2 .1  INTRODUCTION
In a p r e l im in a r y  study of th e  growth of b a c t e r i a  in  e n t e r a l  
f e e d s ,  White _e^ _al. ( 1979) i n o c u l a t e d  a commerc ial  feed  w i th  
a p p r o x im a te ly  one S tap h , aureus organism ml"1 and ob ta ined ,  a f t e r  24h 
a t  37°C, a v i a b l e  count of 8.2  x 10^ organisms ml"1. Simmons (1981) 
i n o c u l a t e d  20ml p o r t i o n s  o f  a h o s p i t a l - p r e p a r e d  feed  with 1 x 1o3 
S t a p h . aureus  or _E. c o l i  ml"1 and repor ted  t h a t  the  counts exceeded 1 
X  10^ ml"l a f t e r  8h a t  23°C. Although i t  i s  evident  t h a t  b a c t e r i a  grow 
in  e n t e r a l  feeds  th e re  appears to  be l i t t l e  p u b l i sh e d  i n f o r m a t i o n  on 
t h e  a c tu a l  r a t e  of growth of p o t e n t i a l  food poisoning organisms and/or 
o p p o r tu n i s t i c  pathogens under h o s p i t a l  ward cond i t ions  except for th e  
r e p o r t  of  Bastow e t  a l . (1982) t h a t  a f t e r  24h a t  ward temperature  the 
number o f  organisms in  h o s p i t a l  prepared feeds had inc reased  from 10^ 
-  103 to  10® -  lOlO mi-1.
The aim o f  t h i s  pa r t  of th e  study was, th e re f o r e ,  to  examine the  
growth of _E. c o l l  and S ta p h . aureus in  feeding systems under simulated 
ward c o n d i t i o n s  i n c l u d i n g  a com par ison  of t h e  growth  of  t h e  t e s t  
organisms in  C l in i feed  ISO and N u tr ien t  Broth No,2 and i n v e s t i g a t i o n s  
i n t o  t h e  e f f e c t s  o f  r e f i l l i n g  or  r e p l a c i n g  lab o ra to ry  contaminated 
systems over a period of 24h.
5 .2 .2  MATERIALS AND METHODS 
S t r a i n s  and inocula
S t a p h . au re u s  s t r a i n  S-6 (NCTC 10657) and c o l l  (NCTC 8007) 
were u s ed .  Inocula  were prepared from stock c u l tu re s  as descr ibed  in  
Ch. 5 .1 .2  and 1.0ml volumes of the  a p p r o p r i a t e  d i l u t i o n  a s e p t i c a l l y  
added to  1000ml s t e r i l e  e n t e r a l  feed or b a c t e r i o l o g i c a l  growth medium 
in  two types  of n u t r i e n t  co n ta in e r ,  a s t e r i l e  C l i n i f e e d i n g  System 3 
r e s e r v o i r  (Roussel Lab o ra to r ie s  L t d . ,  London) or a s t e r i l e  Winchester 
b o t t l e  (D .H .S .S .  Code 4169) t o  y i e l d  an i n i t i a l  v i a b l e  coun t  o f  
approximately 10^ cfu  ml~^
E n te ra l  feed and b a c t e r i o l o g i c a l  growth medium
The e n t e r a l  feed used was C l in i feed  ISO. The top of each can of 
C l in i feed  ISO was swabbed with 70/6 e t h a n o l ,  f lamed p r i o r  t o  open ing  
and t h e  c o n t e n t s  a s e p t i c a l l y  t r a n s f e r r e d  to  the  s t e r i l e  C l in i feed ing  
System 3 r e s e r v o i r  or  Winchester b o t t l e .
The b a c t e r i o l o g i c a l  growth medium used was Nutr ien t  Broth No. 2 
(Oxoid). One l i t r e  p o r t io n s  were dispensed in  the  Winchester b o t t l e s  
and a u t o c l a v e d  a t  121°C f o r  15min. The C l i n i f e e d i n g  System 3 
r e s e r v o i r s  were f i l l e d  a s e p t i c a l l y  with 11 of s t e r i l e  N u t r i e n t  B ro th  
No.2.
Apparatus
Two ty p e s  o f  e n t e r a l  f e e d i n g  system were used : System (a) the  
complete s t e r i l e  C l i n i f e e d i n g  System 3 ( R o u s se l )  and System (b) a 
Winchester b o t t l e  connected to  a C l in i fe e d in g  System 2.
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The e x p e r i m e n t a l  f e e d i n g  sys tem s  were suspended in  a 25°C 
i n c u b a t o r  room and th e  g i v i n g  s e t s  were passed  t o  t h e  a d j a c e n t  
l a b o ra to ry  through narrow por tho les  in  the  wal l .  After removal of the  
s t e r i l e  cover from t h e  female  l u e r  c o n n e c t o r ,  each  g i v i n g  s e t  was 
c o n n e c te d  to  t h e  male c o n n e c t o r  o f  a f i n e - b o r e  n a s o - g a s t r i c  tube 
( C l in i f eed in g  System 1, Roussel) with i t s  o u t l e t  i n  a s t e r i l e  1500ml 
f l a s k  h e ld  i n  a 37®C covered water bath (F ig .  12). This experimental  
arrangement was designed to  s imula te  the  temperature  cond i t ions  of th e  
n u t r i e n t  c o n t a i n e r  i n  t h e  ward and t h e  n a s o - g a s t r i c  tu b e  in  t h e  
p a t i e n t  (Maki 1976).  The flow r a t e  of  th e  feed  o r  medium was 
a p p r o x i m a t e l y  125ml h "1 ,  e q u i v a l e n t  to  t h a t  found under  ward
cond i t ions  (Bastow e t  a l .  1982).
Comparison of growth of b a c t e r i a  in  an e n t e r a l  feed and a b a c t e r io ­
lo g i c a l  growth medium in  two types  of  e n t e r a l  feeding system
Three  r e s e r v o i r s  of  System (a)  c o n t a i n i n g  C l i n i f e e d  ISO were 
inocu la ted  with known q u a n t i t i e s  of e i t h e r  c o l i  or St aph. aureus or 
l e f t  u n i n o c u l a t e d  to  a c t  a s  c o n t r o l s .  V ia b le  co u n ts  were made on 
samples of C l in i feed  ISO taken immediately a f t e r  flow commenced and a t  
r e g u l a r  i n t e r v a l s  d u r i n g  t h e  8h e x p e r i m e n t .  The ex p e r im en t  was 
repea ted  with System (a) p lus  N u t r ie n t  Broth No.2 and th e n  t h e  whole 
e x p e r im e n t  repeated using System ( b ) . Sampling p o in t s  fo r  System (a) 
are  shown i n  Fig .  12, namely th e  C l in i feed ing  System 3 r e s e r v o i r ,  t h e  
o u t l e t  o f  t h e  f i n e - b o r e  n a s o - g a s t r i c  t u b e  and the  f l a s k .  Reservoir  
samples were o b t a i n e d  w i th  1 .0ml s t e r i l e  d i s p o s a b l e  s y r i n g e s  and
25°C  incubator




















FIGURE 12 The ejqDerimental ap p a ra tu s  used  t o  measure 
growth o f  S taph , aureus  and E. c o l i  i n  e n t e r a l  f e ed s .  
The a s t e r i s k s  mark th e  sanplTng p o i n t s .
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n e e d l e s ,  t h e  s u r f a c e  o f  the  r e s e r v o i r  being swabbed with 70% e thanol  
p r io r  to  i n s e r t i o n  of the  needle  and t h e  p u n c tu r e  h o l e  co v e red  w i th  
s t e r i l e  z inc  oxide tape .  Sample p o in t s  fo r  System (b) were the  o u t l e t  
of the  f in e -b o r e  n a s o - g a s t r i c  tube and th e  f l a s k .  To preven t  f u r t h e r  
p o s s i b l e  c o n t a m i n a t i o n ,  t h e  Winchester b o t t l e  was not d isconnected .  
This and each of the  following experiments were done t h r e e  t imes .
E f fec t  o f  handling procedures
For each of the  fo llowing exper iments,  the  e n t e r a l  feeding system 
used was System (a ) .  The e n t e r a l  feed used was C l in i feed  ISO and t h e  
o rg an ism s  were S t a p h , a u r e u s  (NCTC 10657) and JE. c o l i  (NCTC 8007). 
One ml o f  t h e  a p p r o p r i a t e  d i l u t i o n  of  each b a c t e r i a l  inoculum was 
added to  each s t e r i l e  C l i n i f e e d i n g  System 3 r e s e r v o i r ,  and 1000ml 
C l i n i f e e d  ISO added to  g iv e  an i n i t i a l  count of  10^ -  lo3 cfu  ml""'. 
Samples f o r  v i a b l e  c o u n t s  were t a k e n  im m e d ia te ly  a f t e r  th e  flow 
commenced and at  r e g u la r  i n t e r v a l s  throughout the  experiment.  In the  
following experiments the  n a s o - g a s t r i c  tu b e  ( C l i n i f e e d i n g  System 1) 
was replaced with the  n a s o - e n te r i c  tube (C l in i feed ing  System 1/85).
a) Changing th e  n u t r i e n t  c o n ta in e r
In  o r d e r  t o  d e t e r m i n e  t h e  i n f l u e n c e  of  a change o f  n u t r i e n t  
c o n ta in e r  under ward co n d i t io n s ,  the  contaminated C l in i feed in g  System 
3 r e s e r v o i r  was r e p l a c e d  w i th  a s t e r i l e  r e s e r v o i r  con ta in ing  11 of 
s t e r i l e  C l in i f e e d  ISO a t  8 and I6h .  At each r e s e r v o i r  change  t h e  
r e c i p i e n t  f l a s k  was a lso  rep laced .  Viable counts were made as before .
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b) R ef i l l in g  the  n u t r i e n t  conta iner
I t  sometimes happens on a ward th a t  the  n u t r i en t  conta iner i s  
not replaced but i s  r e f i l l e d  tw ice  over a 24h p e r i o d .  To i m i t a t e  
t h i s ,  t h e  empty C l in i fe e d in g  System 3 r e s e rv o i r  was removed a t  8 and 
I6h and a s t e r i l e  cap was placed temporari ly  over the  connector spike.  
One l i t r e  of s t e r i l e  Clin ifeed  ISO was a se p t i c a l ly  t r a n s fe r r e d  to the 
reservoir which was immediately r e f it te d  to  the system. Viable counts
were made as before.
c) Changing the nutrient container and giving set
The recommended p r a c t i c e  i s  to  d i s c o n n e c t  t h e  empty n u t r i en t  
con ta iner  and g iv in g  s e t  l e a v i n g  only  t h e  e n t e r a l  f e e d in g  tube  in  
s i t u .  This  p ro ced u re  was adopted  and th e  i n i t i a l  co n tam in a te d  
Clin i feeding  System 3 re s e rv o i r  and giving se t  were replaced a t  8 and 
I6h. Viable counts were made as before .
d) Stopping the flow of feed through the  system
An exper iment  was conducted  to  s im u la t e  the  e f fe c t  of flow of 
feed through the  system being stopped for a short  period of t ime. The 
organism used was S t a p h , aureus  (NCTC 10657). There was only one 
change of r e s e r v o i r  ( a t  8h) and a t  12h the e n te r a l  feeding pump was 
switched o f f  and th e  flow of feed s topped  with  feed  s t i l l  i n  t h e  
system. The flow was s t a r t e d  again at  I4h and v iab le  counts were made 
a t  14 and I6h,
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e) Varying the  i n i t i a l  l e v e l  of contaminat ion
Cl in i feed ing  System 3 r e s e r v o i r s  were exper imenta l ly  contaminated 
w i t h  e i t h e r  E, c o l i  (NCTC 8007) or  S taph , aureus  (NCTC 10657) to  give 
i n i t i a l  counts ranging from 10*^  to  1Q5 cfu  1-1 (10-2 _ q^2 ml-1) .
Viable counts  were made on the  o r i g i n a l  inoculum and 1, 0 .5  and 0 .25  
ml amounts  o f  t h e  a p p r o p r i a t e  s e r i a l  t e n fo ld  d i l u t i o n  were added to 
1000ml amounts of s t e r i l e  C l in i feed  ISO i n  t h e  r e s e r v o i r s  o f  System 
( a ) .  For S ta p h , aureus  th e  approximate number of colony-forming u n i t s  
i n  t h e  1000ml o f  C l in i f e e d  ISO i n  the  r e s e r v o i r  a t  the  s t a r t  of each 
experiment were :
i ) 1 X 105 ( i . e . 100 cfu  ml-1
11) 5 X 10^ ( i . e . 50 cfu  ml-1
i l l ) 2.5 X 10^ ( i . e . 25 cfu  ml-1
iv ) 5 X 103 ( i . e . 5 cfu ml-1
v) 1 X 103 ( i . e . 1 cfu  ml-1
Vi) 1 X 102 ( i . e . 0.1 c fu  ml-1
v i i ) 1 X i q 1 ( i . e . 0.01 cfu  ml-1
For E. c o l i  the  numbers were
i ) 1 X 105 ( i . e. 100 cfu ml- 1)
i i ) 1 X 10^ ( i .e . 10 cfu ral- 1)
i l l ) 1 X 103 ( i . e. 1 cfu ml- 1)
iv ) 1 X 102 ( i .e . 0.1 cfu ml- 1)
The systems were run fo r  I6h, t h e  c o n ta m in a t e d  r e s e r v o i r  b e in g  
r e p l a c e d  with  a s t e r i l e  r e s e r v o i r  con ta in ing  1000ml s t e r i l e  C l in i feed  
ISO a t  8h. Viable counts  were made every two hours from 0 to  I6h.
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t5. 2 . 3  RESULTS
Comparison of the  growth of E. c o l i  and Staph, aureus in  C l in i feed  
ISO and N u t r ien t  Broth No.2 i n  two types  of e n t e r a l  feeding system
R e s u l t s  o f  t h e  exper im ents  are  presented in  Figs 13 and 14. No 
o rg an ism s  were d e t e c t e d  i n  any o f  t h e  c o n t r o l  exper iments.  Both E. 
c o l i  and S t a p h , aureus m u l t ip l i e d  r a p id ly  in  both feeding systems and 
i n  b o th  C l i n i f e e d  ISO and N u t r i e n t  B ro th  No.2.  Counts  f o r  bo th  
o rg a n i sm s  i n c r e a s e d  ove r  8h from 10^ to  10^ -10^  c f u  ml~1 i n  the 
System (a) r e s e r v o i r s  (C l in i f eed in g  System 3) and from 10^ to  10^ - 10  ^
c f u  ml-1 i n  t h e  r e c i p i e n t  f l a s k s .  The s i m i l a r i t y  between the  growth 
c u r v e s  f o r  b o th  _E. c o l i  and S t a p h . au reu s  in  C l i n i f e e d  ISO and 
N u t r i e n t  B ro th  No.2 show t h a t  C l in i feed  ISO i s  an e x ce l l e n t  c u l tu r e  
medium for  b a c t e r i a .
The m u l t i p l i c a t i o n  of  bo th  _E. c o l i  and S t a p h . a u re u s  in  t h e  
n u t r i e n t  c o n t a i n e r s  o f  bo th  System (a) and System (b) led to  the  
r e c i p i e n t  f l a s k s  ( ’p a t i e n t s ’ ) r e c e iv in g  a s t e a d i l y  i n c r e a s in g  dose  o f  
b a c t e r i a  in  t h e  f e e d .  Over t h e  8h o f  t h i s  experiment i t  was found 
t h a t  counts on samples frcm the  r e s e r v o i r  and the end of the  f in e -b o re  
tube of System (a) were very s im i l a r  (Figs  13 and 14).
E f fec t  of handl ing procedures
a) Changing the  n u t r i e n t  co n ta ine r
R e s u l t s  o f  t h e  e x p e r im e n t s  a r e  p r e s e n t e d  in  F ig s  15, 16 and 
Appendix E (F igs  El and E2). No organisms were de tec ted  in  any of th e  
c o n t ro l  experiments.
FIGURE 13 Com parison o f  th e  grow th  o f  S ta p h . 
au reu s and E. c o l i  in  C l in i f e e d  ISO and  
N u tr ie n t  B ro th  No. 2 in  System  (a )  o v e r  8h .
S a n p le s  w ere ta k e n  from  th e  r e c ip i e n t  f l a s k
( I ----------# ) ,  t h e  C l in i f e e d in g  System  3 r e s e r v o ir
( n u t r ie n t  c o n ta in e r )  ( # ----------# )  and th e  e n t e r a l
f e e d in g  tu b e  (O  O ) .
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figure  14 Comparison o f  th e  grow th  o f  S tap h . 
au reu s and E. c o l i  in  C l in i f e e d  ISO and 
N u tr ie n t  B roth  No. 2 in  System  (b ) o v e r  8h.
Sam ples w ere tak en  from th e ,r e c ip ie n t  f la s k  
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Samples o f  feed  w i thdrawn from the  8h replacement C l in i feed ing  
System 3 r e s e r v o i r  im m e d ia te ly  a f t e r  i t  had been c o n n e c te d  t o  t h e  
system yie lded  v ia b le  counts of approximately 10  ^ cfu ml-1 f o r  jE. c o l i  
( F i g .  15) and lO^ 'S  c f u  ml“ 1 f o r  S t a p h . a u re u s  ( F i g .  1 6 ) .  A f te r  
a n o t h e r  8h these  counts had r i s e n  to  10^ cfu ml“ 1 fo r  JE. c o l i  and 103 
c fu  ml” 1 fo r  S taph . a u r e u s . Replacement of t h i s  second r e s e r v o i r  with 
a new s t e r i l e  r e s e r v o i r  a t  I6h r e s u l t e d  in  immediate counts of <1 10*^  
c fu  ml-1 i n  a l l  samples of feed.  However, 8h l a t e r  ( i . e .  24h from the 
o r i g i n a l  s t a r t  of the  experiment) m u l t i p l i c a t i o n  of  t h e s e  o rgan ism s  
r e s u l t e d  i n  c o u n ts  o f  10^ -  lo3 cfu  ml-1 c o l i  or St  aph. aureus in  
t h e  feed in  the  r e s e r v o i r .
The number o f  o rg an ism s  e n t e r i n g  t h e  " p a t i e n t ' s "  s tomach or  
i n t e s t i n e  i s  i l l u s t r a t e d  by the  counts made on the  feed c o l l e c t e d  from 
t h e  end o f  t h e  f i n e - b o r e  t u b e .  Over t h e  f i r s t  8h th e  counts were 
s im i l a r  to  those obta ined for  th e  r e s e r v o i r .  However, fo r  th e  samples 
t a k e n  from t h e  f i n e - b o r e  t u b e s  immediately a f t e r  th e  r e s e r v o i r  had 
been replaced a t  8h and I6h, the  counts  were o f t e n  h i g h e r  t h a n  t h o s e  
o b t a i n e d  from samples  t a k e n  p r i o r  t o  th e  change of  r e s e r v o i r .  Since 
t h e  r e s e r v o i r  and g i v i n g  s e t  were a lways  empty a t  t h e  t im e  o f  
c h a n g e o v e r ,  the  in c re a se  in  b a c t e r i a l  numbers could be i n t e r p r e t e d  as 
being due to  r e s id u a l  organisms in  the  g iv ing  s e t  and f i n e - b o r e  t u b e  
b e in g  washed th ro u g h  by the  i n i t i a l  flow of l i q u i d .  This i s  f u r th e r  
demonstrated by the  f a c t  t h a t  th e  counts  fo r  the  n e x t  s e t  o f  sam ples  
t a k e n  2h a f t e r  t h e  r e s e r v o i r s  had been changed were always lower.  A 
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FIGURE 15 The e f f e c t  o f  r e p la c in g  t h e  c o n ta m in a ted  
C l in i f e e d in g  System  3 r e s e r v o ir  ( n u t r ie n t  c o n ta in e r )  
w ith  a  new r e s e r v o ir  c o n t a in in g  s t e r i l e  f e e d  
( C l t n i f e e d  ISO ), on th e  grow th  o f  E. c o l i  in  th e  
sy s te m .
The r e s e r v o ir  was ch an ged  a t  8  and 16h ( ^  ) .
Sam ples w ere ta k e n  from  t h e  r e c i p i e n t  f l a s k  (■ ---------- ■
th e  r e s e r v o ir  ( # ---------- # )  and t h e  e n t e r a l  f e e d in g  tu b e
(O  O ) . The e x t  a id e d  h a tc h e d  l i n e  f o r  th e
r e c i p i e n t  f l a s k  i n d i c a t e s  t h e  p r e d ic t e d  c u m u la tiv e  
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FIGURE 16 The e f f e c t  o f  r e p la c in g  th e  con tam in ated  
C lin if e e d in g  System  3 r e s e r v o ir  (n u tr ie n t  c o n ta in e r )  
w ith  a  new r e s e r v o ir  c o n ta in in g  s t e r i l e  f e e d  
( C l in i f e e d  ISO ), on th e  grow th o f  S ta p h , au reu s in  
th e  sy stem .
The r e s e r v o ir  was changed a t  8 and 16h ( |  
For Key t o  sym bols s e e  F ig .  15 (page 8 6 a ) .
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t h e  f i n e - b o r e  tube  and in  the  samples of  feed from the  r e s e r v o i r  a l so  
sugges ts  t h a t  p o s s ib ly  o rg a n ism s  were m u l t i p l y i n g  i n  t h e  f i n e - b o r e  
tu b e .
The s am p les  o f  feed c o l l e c t e d  from th e  end of  th e  f i n e - b o r e  tube  
w ere  c o n t a m i n a t e d  w i t h  ^ 1 0 ^  c f u  m l " ”' from 8h o n w a rd s ,  numbers  
r e a c h i n g  10^ ml“  ^ and 10^*5 m l”  ^ p r i o r  t o  r e p l a c e m e n t  o f  t h e  
r e s e r v o i r s  a t  I6h and 24h fo r  both c o l l  and S t a p h , a u r e u s .
The r e c i p i e n t  f l a s k  was renewed a t  t h e  t im e  o f  changeover to 
avoid s e l f - l i m i t a t i o n  of growth by l a r g e  b a c t e r i a l  num bers ,  h o w e v er ,  
i t  s h o u ld  be n o te d  t h a t  fo r  both JE. c o l i  and S t a p h , aureus  a f t e r  l6h 
and 24h t h e r e  were s t i l l  c fu  ml"1 i n  th e  feed in  t h e  f l a s k .
b) R e f i l l i n g  th e  n u t r i e n t  c o n t a i n e r
R e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  p r e s e n t e d  in  Figs  17, 18 and 
Appendix  E ( F i g s  E3 and E 4) .  No o r g a n i s m s  were d e t e c t e d  i n  t h e  
c o n t r o l  exper iments .
As i n  t h e  p rev ious  exper iments  th e  counts  fo r  JE. c o l i  and S t a p h . 
aureus  in  the  C l in i f e e d in g  System 3 r e s e r v o i r  and f l a s k  in c re a se d  from 
10^ t o  10^ and 10^ t o  10? c f u  ml“  ^ i n  t h e  f i r s t  8 h .  However, the  
s am p le s  t a k e n  i m m e d ia t e ly  a f t e r  r e f i l l i n g  t h e  r e s e r v o i r  a t  8h 
d e m o n s t r a t e  t h a t  t h e  r e s i d u e  o f  c o n ta m in a te d  feed in  t h e  r e s e r v o i r  
r e s u l t e d  i n  i n i t i a l  v i a b l e  c o u n t s  of 103 -  io^ c fu  ml"1 f o r  both 
c o l i  and S t a p h , a u r e u s , th e  count i n c r e a s in g  to 10& -  10? c fu  ml"1 a t  
l 6 h .  S i m i l a r l y ,  a t  l6h  t h e  i n i t i a l  v i a b l e  count o f  th e  feed in  th e
- 87 -
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FIGURE 17 The e f f e c t  o f  r e f i l l i n g  th e  contam inated  
C lin if e e d in g  System  3 r e s e r v o ir  ( n u tr ie n t  c o n ta in e r )  
w ith  s t e r i l e  f e e d  ( C l in i f e e d  ISO) on th e  grow th o f  
E. c o l i  in  th e  sy stem . The r e s e r v o ir  was r e f i l l e d  
a t  8 and 16h ( ^ )•
For Key t o  sym bols s e e  F ig . 15 (page 8 6 a ) .
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FIGURE 18 The e f f e c t  o f  r e f i l l i n g  th e  contam inated  
C lin if e e d in g  System  3 r e s e r v o ir  (n u tr ie n t  c o n ta in e r )  
w ith  s t e r i l e  f e e d  ( C l in i f e e d  ISO) on th e  grow th o f  
S ta p h , au reu s in  th e  sy stem . The r e s e r v o ir  was 
r e f i l l e d  a t  8 and 16h ( ^ ) .
For Key t o  sym bols s e e  F ig . 15 (page 8 6 a ) .
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r e f i l l e d  r e s e r v o i r  was 10^ -1 0 ^  c f u  ral”  ^ f o r  jE. c o l i  and S t a p h . 
a u r e u s , in c re a s in g  to  ^  10^ c fu  ml“  ^ f o r  both organisms a t  24h.
The feed c o l l e c t e d  from the  end of the  f in e -b o r e  tube  was heav i ly  
contaminated from 8h onwards, and the  i n i t i a l  wash through of  r e s i d u a l  
o rg a n i s m s  was a g a i n  o b v i o u s .  I t  i s  impor tant to  no te  t h a t  a f t e r  8h 
th e  v i a b le  count of the  feed e n t e r in g  t h e  p a t i e n t  d id  n o t  f a l l  much 
be low 1 o5 c fu  ml”  ^ f o r  e i t h e r  organism and a f t e r  24h th e  counts  were 
i n  excess  of 10^ c fu  ml“ ^ . Counts in  th e  r e c i p i e n t  f l a s k  were a l so  a t  
a high l e v e l  from 8h onwards.
c) Changing the  n u t r i e n t  c o n ta i n e r  and g iv ing  s e t
R e s u l t s  o f  t h e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  F i g s  19, 20 and 
Appendix E ( F i g s  E5 and E6) .  No o rg a n ism s  were d e t e c t e d  i n  t h e  
c o n t r o l  exper iments  and t h e r e  was no contaminat ion of  th e  new s t e r i l e  
n u t r i e n t  c o n ta i n e r .
The r e s u l t s  show t h a t  when t h e  C l in i feed in g  System 3 r e s e r v o i r  
and g iv ing  s e t  were rep laced  a t  8 and I6h v iab le  o r g a n i s m s  c o n t i n u e d  
to  be de tec ted  in  th e  feed flowing from the  end of the  f i n e -b o r e  tube .  
Once again  t h e r e  was an i n i t i a l  wash-through of organisms a t  8 and I6h 
when the  system was changed. This was followed by a f a l l  in  numbers a t  
10 and l8h,  but subsequent t o  t h i s  t h e r e  was a g r a d u a l  i n c r e a s e  i n  
numbers to  10^ -103  c f u  ml" 1 f o r  b o th  _E. c o l i  and S ta p h , aureus a t  
24h.
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FIGURE 19a  The e f f e c t  o f  r e p la c in g  th e  C l in i f e e d in g  
System  3 r e s e r v o ir  ( n u t r ie n t  c o n t a in e r ) ,  th e  f e e d  and  
th e  g i v in g  s e t ,  on th e  grow th  o f  E. c o l i  in  th e  sy ste m .
The r e s e r v o ir  and g iv in g  s e t  w ere changed  a t  8 and  
16h ( j  ) .
No organ ism s w ere d e t e c t e d  in  th e  r e s e r v o ir  a f t e r  8h . 
For Key t o  sym b ols s e e  F ig .  15 (p age  8 6 a ) .
FIGURE 19b As ab ove e x c e p t  t h a t  a f t e r  8h s a n p le s  w ere  
o n ly  c o l l e c t e d  from  th e  e n t e r a l  f e e d in g  tu b e  t o  
m in im ize  th e  r i s k  o f  c o n ta m in a tio n  due t o  h a n d lin g  
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FIGURE 20a TTie e f f e c t  o f  r e p la c in g  th e  C l in i f e e d in g  
System  3 r e s e r v o ir  ( n u t r ie n t  c o n t a in e r ) ,  t h e  f e e d  and  
t h e  g i v in g  s e t ,  on th e  grow th  o f  S ta p h , au reu s i n  th e  
sy stem .
The r e s e r v o ir  and g iv in g  s e t  w ere changed a t  8 and  
16h ( I  ) .
For Key t o  sym bols s e e  F ig .  15 (page 8 6 a ) . No organ ism s  
w ere d e t e c t e d  in  t h e  r e s e r v o ir  a f t e r  8h.
FIGURE 20b As above e x c e p t  t h a t  a f t e r  8h sam p les w ere  
o n ly  c o l l e c t e d  from  th e  e n t e r a l  f e e d in g  tu b e  t o  m in im ize  
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The e f f e c t  of th e  i n i t i a l  f lu sh ing  out of the  tube was to  provide 
an inoculum for the  feed f lo w in g  i n t o  t h e  r e c i p i e n t  f l a s k ,  so t h a t  
a f t e r  I6h t h e  c o u n t s  were 10*^  cfu  ml"l fo r  c o l i  and S tap h , aureus 
and a f t e r  24h th e y  were 10^ c f u  ml"l fo r  c o l i  and cfu ml""*
fo r  S tap h , a u re u s .
In  o r d e r  t o  min imize  t h e  r i s k  o f  any c o n t a m i n a t i o n  be ing  
in troduced due to  handl ing procedures ,  experiments were a l s o  c a r r i e d  
ou t  f o r  both  _E. c o l i  and S t a p h . aureus where the  only samples taken 
a f t e r  8h were t h o s e  from the  end of the  f ine -bo re  tube .  The r e s u l t s  
are  p r e s e n t e d  i n  F ig s  19b and 20b and i n d i c a t e  t h a t  t h e  h a n d l i n g  
procedures employed were not a source of contamination.
d) Stopping the  flow of feed through the  system
The r e s u l t s  are  presented in  Fig .  21, No organisms were de tec ted  
in  the  co n t ro l  exper iments.
F igure  21 shows t h a t  stopping the  flow of feed through the  system 
f o r  2h r e s u l t e d  i n  r a p i d  m u l t i p l i c a t i o n  o f  t h e  o rg an ism s  in  t h e  
f i n e - b o r e  t u b e .  Counts  i n c r e a s e d  from 10^ c f u  ml” l a t  12h to  
a p p r o x i m a t e l y  10^*5 cfu  ml"l a t  I4h,  whereas in  a s im i l a r  experiment 
where flow was no t  s t o p p e d ,  c o u n t s  in c r e a s e d  from 10^ to  103»5 cfu  
ml“ l over the  same time (F ig .  16),
- 89 -




FIGURE 21 The e f f e c t  o f  s to p p in g  f lo w  o f  f e e d  througji 
th e  sy stem  f o r  2h. The r e s e r v o ir  was changed a t  8h . 
The e n t e r a l  f e e d in g  pump was tu rn ed  o f f  a t  12h and 
r e s t a r t e d  a t  14h.
For Key t o  sym bols s e e  F ig . 15 (page 8 6 a ) .
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V ia b le  c o u n t s  made on samples  frcan th e  r e s e r v o i r  over th e  same 
t im e  p e r io d  o n ly  i n c r e a s e d  from 10^ a t  12h t o  lO^.S a t  14h 
d e m o n s t r a t i n g  t h a t  t h e  i n c r e a s e  i n  numbers o f  o rg an ism s  i n  t h e  
f i n e - b o r e  tu b e  was due t o  i t  be in g  h e ld  a t  37°C ( p a t i e n t ' s  body 
temperature)  r a t h e r  than 25°C (ambient ward temperature) .
e) Varying the  i n i t i a l  l e v e l  of contaminat ion
The r e s u l t s  fo r  S tap h , aureus are  shown in  Figs 22-24 and fo r  E, 
c o l l  i n  Figs 25-27. The f ig u r e s  presented  fo r  v ia b le  counts  of ;é10 
c f u  ml"1 a t  Oh have been c a lc u la t e d  from ac tu a l  values  obtained from 
v ia b le  counts on the  o r i g i n a l  inoculum.
R e s u l t s  f o r  S t a p h . a u re u s  and c o l i  were s i m i l a r .  Over the
f i r s t  8h o f  t h e  s tu d y  the  growth of  the  t e s t  micro-organisms fo r  a l l  
inocu la  were v i r t u a l l y  p a r a l l e l  fo r  each of the  th re e  sampling s i t e s .  
The r a t e  o f  m u l t i p l i c a t i o n  i n  t h e  r e s e r v o i r  and the  f in e -b o re  tube 
o v e r  t h i s  t im e  was s i m i l a r  ( F i g s  23 and 24 f o r  S ta p h . aureus and 
F i g s  26 and 27 f o r  JE. c o l i ) , t h e r e  b e in g  an a v e r ag e  i n c r e a s e  in  
numbers  o f  2 l o g  c y c l e s  (mean g enera t ion  time = 1 .2h).  The r a t e  of 
m u l t i p l i c a t i o n  i n  t h e  f l a s k  (held a t  body temperature ,  v i z  37°C) was 
more r a p i d ,  w i th  an a v e r ag e  i n c r e a s e  o f  4 .5  lo g  c y c l e s  (mean 
gen e ra t io n  time = 0 .5h) .
A f t e r  t h e  r e s e r v o i r  had been rep laced  the  growth curves  of the  
range of  i n o c u l a  f o r  bo th  t h e  r e s e r v o i r  and t h e  f l a s k  were a g a in
-  90 -
FIGURE 22 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  
o f  c o n ta m in a tio n  in  th e  C l in i f e e d in g  System  3 
r e s e r v o ir  ( n u t r ie n t  co n te iin er) on th e  grow th o f  
S tap h , au reu s in  th e  r e c ip ie n t  f l a s k .  The r e s e r v o ir  
was changed a t  8h .
The approxim ate number o f  c o lo n y  form in g  u n i t s  in  
th e  1000 ml o f  C l in i f e e d  ISO in  th e  r e s e r v o ir  a t  th e
start of each experiment was :
1 X 10^ (i.e. 100 cfu ml A-
5 X lo'^ (i.e. 50 cfu ml *■
2 .5 X 10^ (i.e. 25 cfu ml #-
5 X 10^ (i.e. 5 cfu ml O
1 X 10^ (i.e. I cfu ml A-
1 X iq2 (i.e. 0 .1 cfu ml ^) O-
I X 10^ (i.e. 0 .0 1 cfu ml *
-A
-  90a -
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FIGURE 23 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  o f  
co n ta m in a tio n  in  th e  C l in if e e d in g  System  3 r e s e r v o ir  
( n u tr ie n t  c o n ta in e r )  on th e  grow th  o f  S ta p h , au reu s  
in  th e  r e s e r v o ir .
For Key t o  sym bols s e e  F ig .  22 .
“ 90c -
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FIGURE 24 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  o f  
co n ta m in a tio n  in  th e  C l in i f e e d in g  System  3 r e s e r v o ir  
(n u t r ie n t  c o n ta in e r )  on th e  grow th o f  S tap h , aureus  
in  th e  e n t e r a l  f e e d in g  tu b e .
For Key t o  sym bols s e e  F ig .  22 .
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FIGURE 25 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  
o f  co n ta m in a tio n  in  th e  C l in i f e e d in g  System  3 
r e s e r v o ir  (n u t r ie n t  c o n ta in e r )  on th e  grow th o f  
E. c o l i  in  th e  r e c ip ie n t  f l a s k .
The r e s e r v o ir  was changed a t  8h .
The approxim ate! number o f  c o lo n y  form ing  u n i t s  in  th e  
1000 ml o f  C l in i f e e d  ISO in  th e  r e s e r v o ir  a t  th e
s t a r t  o f each exp erim en t was :
1 X  10^ ( i . e . 1 0 0  c fu  ml” )^ A------ ------ A
1 X  lo " ^ ( i . e . 1 0  c f u  ml # ------------ #
1  X  1 0 ^ ( i . e . 1 c fu  ml A------ ------ A
1 X 10^ ( i . e . 0 . 1  c fu  ml ^) □------ ------ □
— 90e —
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FIGURE 26 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  o f  
c o n ta m in a tio n  in  th e  C l in i f e e d in g  System  3 r e s e r v o ir  
( n u t r ie n t  c o n ta in e r )  on th e  grow th  o f  E. c o l i  in  th e  
r e s e r v o ir .
F or Key t o  sym bols s e e  F ig .  2 5 .
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FIGURE 27 The e f f e c t  o f  v a r y in g  th e  i n i t i a l  l e v e l  o f  
co n ta m in a tio n  in  th e  C l in i f e e d in g  System  3 r e s e r v o ir  
( n u tr ie n t  c o n ta in e r )  on th e  grow th  o f  E. c o l i  in  th e  
e n t e r a l  f e e d in g  tu b e .
For Key t o  sy irh o ls  s e e  F ig .  25 .
—■ 9 Oh —
p a r a l l e l  (Figs 22 and 23 fo r  St aph. aureus and Figs 25 and 26 fo r  
c o l i ) . The i n i t i a l  count in  the  new r e s e r v o i r  a t  8h was c o n s i s t e n t ly  
lower than a t  Oh, the  number of b a c t e r i a  in troduced in to  t h e  r e s e r v o i r  
being l e s s  than the  o r i g i n a l  contaminat ing inoculum. Converse ly ,  t h e  
counts  in  the  new f l a s k  a t  8h were u su a l ly  h igher  than a t  Oh (F igs  22 
and 2 5 ) ,  t h i s  can be e x p l a i n e d  by t h e  w ash - th ro u g h  of  r e s i d u a l  
o rg a n ism s  in  t h e  g i v i n g  s e t  and f i n e - b o r e  tube,  as demonstrated in  
previous  experiments.
The numbers o f  v i a b l e  o rgan ism s  in  the  feed c o l l e c te d  from the  
f i n e - b o r e  tu b e  were a g a in  h ig h  im m e d ia te ly  a f t e r  chang ing  t h e  
r e s e r v o i r ,  f a l l i n g  over the  next 2 to  4h a f t e r  which numbers inc reased  
s t e a d i l y  (Figs  24 and 27).
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a f t e r  l6h t h e  v i a b l e  c o u n t s  
obta ined from the  feed in  the  r e s e r v o i r  were u s u a l l y  l e s s  t h a n  t h o s e  
o b t a i n e d  from t h e  feed c o l l e c te d  from the  end of the  f in e -b o re  tube .  
This i n d i c a t e s  t h a t  organisms were m ul t ip ly ing  in  t h e  f i n e - b o r e  t u b e  
and i t  i s  p o s s i b l e  t h a t  th e y  were a l s o  co lon iz ing  the  lumen of the  
tube .
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5.3  ASSESSMENT OF THE SUITABILITY OF FOOD COLOURING MATERIALS AS
INDICATORS OF MICROBIAL CONTAMINATION OF ENTERAL FEEDS
5.3 .1  INTRODUCTION
C o l o u r - c o d i n g  o f  e n t e r a l  feeds  has been widely used in  the  
U.S.A. t o  preven t  t h e  i n a d v e r t e n t  i n t r a v e n o u s  i n f u s i o n  o f  e n t e r a l  
p r o d u c t s  (Fagerman and Dean 1983) .  These  a u t h o r s  rep o r ted  colour  
changes in  e n t e r a l  feeds  to  which red food c o l o u r i n g  had been added 
and s t a t e d  t h a t  b a c t e r i a l  c o n t a m i n a t i o n  was common in  colour-coded 
feeds  in  which c o l o u r  changes  o c c u r r e d .  M ic r o -o rg a n i s m s  i s o l a t e d  
inc luded JE. c o l i  and B a c i l l u s  spp.
The r e d u c t i o n  o f  w a t e r - s o l u b l e  azo-dyes by i n t e s t i n a l  b a c t e r i a  
has been repo r ted  by a number o f  au tho rs  (Roxon e t  a l .  1967, Larsen e t  
a l . 1976, Chung e t  a l . 1978, Watabe e t  _al. 1980).
A s t u d y  was t h e r e f o r e  made o f  t h e  f e a s i b i l i t y  o f  adding food 
co lou r ing  m a te r i a l s  in c lu d in g  a range of azo-dyes t o  e n t e r a l  f e e d s  t o  
a c t  as i n d i c a t o r s  of m ic ro b ia l  contamination .
5 .3 .2  MATERIALS AND METHODS
S t r a i n s  and inocu la
The o rgan ism  s e l e c t e d  was c o l i  (NCTC 8 0 0 7 ) .  I n o c u l a  were 
prepared  frcxn s tock  c u l t u r e s  as desc r ibed  in  Ch. 5 . 1 . 2 ,
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Enteral feeds
The f e e d s  used  were  C l i n i f e e d  ISO, T r i o s o r b o n  and Vivonex 
Standard .  Cans and p a c k e t s  o f  f e e d  were opened and r e c o n s t i t u t e d  
a s e p t i c a l l y ,
Food co lour ing  m a te r i a l s
D e t a i l s  o f  t h e  f i v e  w a t e r - s o l u b l e  sulphonated azo-dyes and th e  
xanthene dye s e l e c t e d  fo r  t h i s  exper iment  a r e  g iv e n  i n  T a b le  15 and 
Appendix B. F i l t e r - s t e r i l i z e d  10$ (w/v) aqueous s o lu t io n s  of these  
dyes were prepared.
Procedure
One ml o f  the  a p p ro p r i a t e  d i l u t i o n  of  the  b a c t e r i a l  inoculum was 
t r a n s f e r r e d  to  each of  t h r e e  s e p a ra te  s t e r i l e  250 ml Erlenmeyer f l a s k s  
con ta in in g  100 ml o f  f r e s h l y  prepared feed to  give an i n i t i a l  count of 
10^ -  lo3 c f u  ml"1 f e e d .  One t e n t h  o f  a ml of a 10$ (w/v) f i l t e r  
s t e r i l i z e d  aqueous s o l u t i o n  o f  c a r r a o i s i n e  was added t o  each  f l a s k .  
A f t e r  c a r e f u l  m ix ing  a v i a b l e  c o u n t  was made on a sample of a feed 
from each f l a s k .  F l a s k s  were t h e n  i n c u b a t e d  a t  4 ,  25 o r  37°C and 
samples taken f o r  v i a b l e  c o u n t s  a t  4 ,  8 and 24h , The f l a s k s  were 
examined a t  3, 6,  12, 18, 24 ,  48 and 7 2 h fo r  any v i s i b l e  change in  
co lour  of  the  f eed s .  Control  experiments with u n i n o c u l a t e d  c o l o u r e d  
feeds  were c a r r i e d  out s im ul taneous ly .
The procedure was then  repea ted  with each o f  t h e  f i v e  r e m a in in g  
food co lour ing  m a t e r i a l s .
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5 . 3 . 3  RESULTS
There  was no change in  co lour  and no i n c r e a s e  i n  numbers o f  
micro-organisms in  any of  t h e  samples over 72h a t  4°C,
In  t h e  f l a s k s  c o n t a i n i n g  C l i n i f e e d  ISO p l u s  food  c o l o u r i n g  
m a t e r i a l s ,  C l i n i f e e d  ISO p lus  c o l i  p lus  food co lo u r in g  m a t e r i a l s ,  
h a l f - s t r e n g t h  Vivonex S t a n d a r d  p l u s  food c o l o u r i n g  m a t e r i a l s  and 
h a l f - s t r e n g t h  Vivonex S t a n d a r d  p l u s  c o l i  p l u s  food  c o l o u r i n g  
m a t e r i a l s  no change in  co lour  was observed over 72h a t  e i t h e r  25°C or 
37®C even  though v i a b l e  counts  had inc reased  from 10° -  10^ organisms 
ml"1 a t  Oh t o  10^ -  10® and 10^ -1q9  organisms ml-1 a t  25 and 37°C 
r e s p e c t i v e l y  a f t e r  24h, and remained a t  t h i s  l e v e l  a f t e r  72h.
No c o l o u r  c h a n g e s  were  o b s e r v e d  i n  t h e  f l a s k s  c o n t a i n i n g  
T r i o s o r b o n  p l u s  food c o l o u r i n g  m a t e r i a l s  or Tr iosorbon p lus  E. c o l i  
p l u s  food  c o l o u r i n g  m a t e r i a l s  a f t e r  3, 6 o r  12h in cu b a t io n  a t  25 o r  
37°C .  However, F i g .  28 i l l u s t r a t e s  t h a t ,  with  th e  excep t ion  of th e  
f l a s k  con ta in in g  t a r t r a z i n e ,  a l l  t h e  f l a s k s  co n ta in in g  Tr iosorbon p lus  
food  c o l o u r i n g  m a t e r i a l s  t h a t  had been incubated  a t  37^0 f o r  I8h were 
s l i g h t l y  p a l e r  i n  c o l o u r  t h a n  t h e  c o n t r o l  f l a s k s .  A f t e r  I8h 
i n c u b a t i o n  a t  25®C t h e r e  was no change in  co lour  in  any of  th e  f l a s k s  
c o n ta in in g  Tr iosorbon p lus  food co lo u r in g  m a t e r i a l s .
The c o l o u r  c h an g e s  i n  t h e  f l a s k s  c o n t a i n i n g  T r i o s o r b o n  p l u s  
c o lo u r in g  m a t e r i a l s  a f t e r  48h in c u b a t io n  a t  25 or 37°C a re  i l l u s t r a t e d













t a r t r a z i n e e r y t h r o s i n e
FIGURE 28 Colour changes observed  in  f l a s k s  c o n ta in in g  
Tr iosorbon p lu s  food c o lo u r in g  m a t e r i a l s  a f t e r  18h 
incu b a t io n  a t  4 ,  25 and 37 C.
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i n  F i g ,  29 .  A f t e r  48h a t  25°C t h e r e  was very  l i t t l e  change i n  colour 
in  th e  f l a s k s  co n ta in ing  new c o c c i n e ,  s u n s e t  y e l lo w ,  t a r t r a z i n e  o r  
e r y t h r o s i n e  but t h e  c o n t e n t s  o f  t h e  f l a s k s  con ta in ing  amaranth and 
carraoisine were s l i g h t l y  p a l e r  t h a n  t h e  c o n t r o l s .  S i m i l a r  c o l o u r  
ch an g es  were o b s e r v ed  a f t e r  48h i n c u b a t i o n  a t  25®C o f  t h e  f l a s k s  
con ta in in g  Tr iosorbon p lus  co lour ing  m a te r i a l s  p lus  E^. c o l i  (F ig ,  30).
A f t e r  48h a t  37°C t h e  c o n t e n t s  o f  t h e  f l a s k s  c o n t a i n i n g  
T r i o s o r b o n  p lu s  c a r m o i s i n e ,  s u n s e t  y e l lo w  o r  t a r t r a z i n e  were 
c o m p l e t e l y  d e c o l o u r i z e d  and th o s e  f l a s k s  con ta in ing  Tr iosorbon plus  
amaranth, new coccine or  e ry th r o s in e  were a l l  n o t i c e a b l y  p a l e r  t h a n  
t h e  c o n t r o l  f l a s k s  ( F i g .  2 9 ) .  A f t e r  ?2h a t  25 o r  37°C no more 
samples had been d eco lou r ized ,  however, th e  co n ten ts  o f  a l l  th e  f l a s k s  
were p a l e r  in  co lour  than  a f t e r  48h, with the  exception of the  f l a s k s  
co n ta in in g  Triosorbon plus  e ry th r o s in e  where th e re  had been no f u r t h e r  
change in  co lour .
At 37®C the  r a t e  of  l o s s  of co lour  in  the  f l a s k s  o f  Triosorbon to  
which  c o l i  had been added was more rap id  than  in  those  con ta in ing  
Triosorbon alone.  This i s  i l l u s t r a t e d  in  Fig .  30 where i t  can be seen 
t h a t  a f t e r  48h a t  37®C th e  con ten ts  o f  the  f l a s k  con ta in ing  Triosorbon 
and amaranth were s l i g h t l y  p a le r  than the  c o n t ro l  whereas the  co n ten ts  
o f  t h e  f l a s k  con ta in ing  Triosorbon and amaranth plus  _E. c o l i  had l o s t  
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t a r t r a z in e e r y th r o s in e
FIGURE 29 C olour changes o b serv ed  in  f la s k s  c o n ta in in g  
T riosorb on  p lu s  fo o d  c o lo u r in g  m a te r ia ls  a f t e r  48h  












FIGURE 30 Com parison o f  th e  r a te  o f  l o s s  o f  c o lo u r  
in  f l a s k s  c o n t a in in g  T r io so rb o n  p lu s  am aranth w ith  
th o s e  c o n t a in in g  T r io so rb o n  p lu s  am aranth p lu s  E. c o l i  
a f t e r  in c u b a t io n  a t  4 , 25 o r  37°C f o r  (a )  18h and (b )  
48h .
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V i a b l e  c o u n t s  i n  a l l  t h e  f l a s k s  c o n t a i n i n g  T r i o s o r b o n  and 
c o lo u r in g  m a te r i a l s  were s i m i l a r  t o  those  i n  Tr iosorbon a lo n e ,  r i s i n g  
from 10° a t  Oh t o  10® and 10^ organisms ml“ "' a t  25 and 3T^C a f t e r  24h. 
The main organisms i s o l a t e d  were ae rob ic  sporeforming b a c i l l i .  Viable 
c o u n t s  i n  t h e  f l a s k s  c o n t a i n i n g  T r i o s o r b o n  and co lour ing  m a t e r i a l s  
p l u s  c o l i  i n c r e a s e d  from 10^ organisms ml” ”* a t  Oh to  10? and 10® 
o rg a n i s m s  ml” ”* a f t e r  24h a t  25 and 37°C r e s p e c t i v e l y .  The main 
organism i s o l a t e d  from th e s e  f l a s k s  a f t e r  24h was JE, c o l i .
The a e r o b i c  s p o r e - f o r m i n g  b a c i l l i  from Triosorbon were p u r i f i e d  
by s t r e a k i n g  on PCA and i n c u b a t e d  a t  37°C fo r  24h. A s i n g l e  colony 
was t h e n  t r a n s f e r r e d  t o  10ml o f  N u t r i e n t  B ro th  N o.2 (Oxoid) and 
i n c u b a t e d  a t  37^C f o r  l 8 h .  One ml a l i q u o t s  o f  t h e  a p p r o p r i a t e  
d i l u t i o n  of t h i s  b a c t e r i a l  inoculum were t r a n s f e r r e d  t o  s t e r i l e  250ml 
Erlenmeyer f l a s k s  co n ta in in g  100ml p o r t i o n s  o f  C l in i f e e d  ISO p lus  food 
co lo u r in g  m a t e r i a l s  as d e t a i l e d  i n  Ch. 5 . 3 . 2 .  A f te r  I8h in c u b a t io n  a t  
37°C t h e  c o n t e n t s  o f  a l l  t h e  f l a s k s  were p a l e r  than th e  c o n t r o l s  and 
a f t e r  48h t h e  f l a s k s  c o n t a i n i n g  c a r m o i s i n e ,  s u n s e t  y e l lo w  o r  
t a r t r a z i n e  were  d e c o l o u r i s e d .  These r e s u l t s ,  which were s i m i l a r  t o  
those  obta ined  with  Tr iosorbon plus  food c o lo u r in g  s u g g e s t e d  t h a t  i t  
was t h e  o rgan ism  i s o l a t e d  from T r i o s o r b o n  t h a t  was r e s p o n s ib l e  fo r  
d e co lo u r i s in g  th e  food co lou r ing  m a t e r i a l s .
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CHAPTER 6
BACTERIAL ADHESION STUDIES ON EQUIPMENT USED FOR 
THE ADMINISTRATION OF ENTERAL FEEDS
6.1 INTRODUCTION
The p o s s i b i l i t y  was considered  t h a t  contaminat ing  micro-organisms 
in  e n t e r a l  feeds  might adhere  to  th e  su r f a c e s  of t h e  e n t e r a l  f e e d i n g  
s y s t e m s .  R e s i d u a l  feed and /or  micro-organisms adher ing t o  th e  inne r  
s u r f a c e s  of th e  n u t r i e n t  c o n ta in e r  could contaminate  f r e s h  fe e d  used  
t o  r e f i l l  t h e  c o n t a i n e r  over a 24h p e r io d .  Also th e  c o l o n i s a t i o n  of 
e n t e r a l  feeding  t u b e s  by a d h e r i n g  m i c r o - o r g a n i s m s  c o u ld  r e s u l t  i n  
p a t i e n t s  being dosed with  i n f e c t i n g  micro-organisms and /or  t h e i r  t o x i c  
m e ta b o l i t e s  over an extended per iod  of t im e .
The p u rp o se  of  t h i s  p a r t  o f  t h e  s t u d y  was,  t o  d e t e r m i n e  t h e  
number o f  b a c t e r i a  a d h e r i n g  t o  t h e  i n n e r  s u r f a c e s  o f  l a b o r a t o r y  
c o n t a m i n a t e d  n u t r i e n t  c o n ta i n e r s  , t o  examine th e  su r f a c e  topography 
of  t h e  in n e r  and o u t e r  w a l l s  o f  a r a n g e  o f  unused e n t e r a l  f e e d i n g  
tubes  fo r  s u r fa ce  i r r e g u l a r i t i e s  i n  which micro-organisms could become 
t rapped  and to  examine l a b o r a t o r y  c o n t a m i n a t e d  t u b e s  f o r  a d h e r e n t  
p a r t i c l e s  o f  feed and b a c t e r i a .
6 .2  MATERIALS AND METHODS
Recovery of  b a c t e r i a  from th e  in n e r  s u r f a c e s  of  n u t r i e n t  c o n ta i n e r s
The empty n u t r i e n t  c o n ta i n e r s  ( C l in i f e e d in g  System 3 r e s e r v o i r s )  
removed a f t e r  th e  f i r s t  8h in  th e  exper iments  d e s c r i b e d  i n  Ch. 5 . 2 . 2  
and which had c o n t a i n e d  an average of 10^ -  1Q5 v i a b l e  organisms (^ .  
c o l i  o r  S t a p h . a u r e u s )  m l " ”* o f  f e e d  ( C l i n i f e e d  ISO) ,  were used to
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i n v e s t i g a t e  t h e  a d h e s i o n  o f  o rg a n i s m s  to  t h e  p l a s t i c ,  which i s  
polypropylene (A.J .  Haskins 1982; p e r s .  comm.) .
Each r e s e r v o i r  was cut i n to  s t r i p s  (approximate ly  5 x 2  cm) with 
a s t e r i l e  s c a l p e l .  The s t r i p s  were t h e n  d i v i d e d  i n t o  f o u r  g ro u p s  
which were t r e a t e d  as f o l l o w s  ( h a n d l e d  with  s t e r i l e  fo rceps  a t  a l l  
t imes)
Group 1 The contaminated s u r f a c e s  of th e se  s t r i p s  were 
p ressed  g e n t ly  onto th e  su r fa ce  of  e i t h e r  PCA (Oxoid) 
o r  MacConkey Agar (Oxoid) ,  fo r  r e s e r v o i r s  contaminated 
wi th  Staph, aureus  and E. c o l i  r e s p e c t i v e l y .
Group 2 These s t r i p s  were l a i d  in  an empty s t e r i l e  p e t r i  d ish  
( S t e r i l i n ) ,  contaminated s id e  upwards and 1.0ml 
o f  PCA ( f o r  S ta p h , a u re u s ) o r  1.0ml of MacConkey 
Agar ( f o r  c o l i ) a t  45-50°C p ip e t t e d  c a r e f u l l y  
onto the  su r f a c e .
Group 3 & 4 The s t r i p s  were s e q u e n t i a l l y  washed fo r  a t o t a l  of 
75s by g e n t l e  manual a g i t a t i o n  i n  5 j a r s  of  s t e r i l e  
d i s t i l l e d  water in  o rder  to d is lodge  a l l  t h e  lo o se ly  
adherent  c e l l s  and any food d e b r i s  (Samaranayake and
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MaoFarlane 1980). D i s t i l l e d  water was used r a t h e r  
than s a l i n e  i n  o rder  to  s im ula te  the  r i n s i n g  procedure 
t h a t  might occur on a h o s p i t a l  ward. The s t r i p s  were 
then t r e a t e d  as desc r ibed  in  (1) and (2) above.
A l l  p l a t e s  were  c o v e r e d  and i n c u b a t e d  a t  37^0 f o r  24h .  The 
number o f  c o l o n i e s  p e r  cm^ were  c o u n te d  w i t h  a p l a t e  microscope, 
avoid ing  a reas  w i th in  0.5cm of  th e  edge of each s t r i p  as t h i s  a re a  had 
been handled with th e  fo rce p s .
Scanning e l e c t r o n  microscope s t u d i e s  of  e n t e r a l  feeding  tubes
a) P rep a ra t io n  of tu b e s  fo r  S.E.M. examination
The methods  of  p re p a r a t io n  a re  summarised in  F ig .  31- All  tubes  
were sampled along th e  whole o f  t h e i r  l e n g t h .  Segm en ts ,  1 cm l o n g ,  
were s ec t ioned  with s t e r i l e  r azo r  b lades  and opened up l o n g i t u d i n a l l y .  
Transverse  s e c t i o n s  ( < 1mm) were a l so  prepared .
E x p e r i m e n t a l l y  c o n t a m i n a t e d  samples were washed fo r  a t o t a l  of 
75s by g e n t l e  manual a g i t a t i o n  in  5 j a r s  o f  s t e r i l e  d i s t i l l e d  w a t e r  
(Sam aranayake  and M ac F a r la n e  1980) o r  l e f t  unwashed. Samples were 
f ixed  in  2.5% g lu ta ra ld e h y d e  i n  O.IM sodium cacodyla te-HCl b u f f e r  (pH 
7 . 2 ) ,  The s am p les  were  r i n s e d  i n  b u f f e r  f o l l o w e d  by a seco n d a ry  
/ f i x a t i o n  i n  0.1% osmium t e t r o x i d e  i n  O.IM sodium cacodylate-HCl b u f f e r  
(pH 7 . 2 ) .  Samples were dehydrated  through a graded s e r i e s  o f  e thanol  
s o l u t i o n s  (30%, 50%, 70%, 85%, 95% f o r  lOrain. e a c h ,  and t o  a b s o l u t e
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10 X 1 cm samples taken along length
opened l o n g i t u d i n a l l y
washed i n  
s t e r i l e  d i s t i l l e d  
water \
f ixed  i n  2.5% g lu ta ra ld eh y d e  
( i n  O.IM sodium cacody la te  -  HCl 
b u f f e r ,  pH 7 .2 )
f ixed  i n  1.0% osmium 
t e t r o x i d e  ( i n  O.IM sodium 
cacody la te  -  HCl b u f f e r ,  pH 7 .2 )
dehydra ted  in  graded 
e th an o l  s o l u t i o n s
c r i t i c a l - p o i n t  d r ied  
(us ing  CO2 )
a i r  d r ied  
( d e s ic c a to r )
a t t a ch e d  to  s tub  
wi th  s i l v e r  p a in t
gold coa ted to  
^ 5 0 0  A
(no coo l ing  of 
s p u t t e r  coa te r )
gold coated to  
4  500 A
( s p u t t e r  c o a t e r  
cooled to  5°C)
viewed in
P h i l i p s  Scanning E lec t ro n  Microscope 500
photographed a t  12KV 
on I l f o r d  FP4 120 fi lm
FIGURE 31 : P rep a ra t io n  of e n t e r a l  feed ing  tubes  fo r
examination in  th e  Scanning E lec t ro n  Microscope
— 100a —
a l c o h o l  w i th  s e v e r a l  ch an g es  over 60min.) and e i t h e r  a i r  d r ied  in  a 
d e s i c c a t o r  or  c r i t i c a l - p o i n t  d r ied  us ing  l i q u i d  carbon d iox ide .  Unused 
t u b e s  were a l s o  s u b j e c t e d  to  th e  same t r e a tm e n t s  in  o rder  to  moni tor 
the  e f f e c t s  of  the se  t r e a tm e n ts  on the  tube m a t e r i a l s .
The tu b e  sam ples  were  a t t a c h e d  t o  spec imen  s t u b s  with  a t h in
l a y e r  o f  s i l v e r  c o n d u c t i n g  p a i n t  (Agar Aids) and g o ld  c o a t e d  t o  
o
200-500  A t h i c k n e s s  in  a Polaron S p u t t e r  Coater (London, U.K.) .  The 
s p u t t e r  c o a t e r  was run a t  a low v o l t a g e  and cooled to  5°C to  minimise 
h e a t i n g  e f f e c t s .  U nf ixed  s am p les  o f  unused t u b e s  were s i m i l a r l y  
t r e a t e d  in  order  to  minimise th e  i n t r o d u c t i o n  o f  a r t e f a c t s  as a r e s u l t  
o f  p r e p a r a t i o n  t e c h n i q u e s .  Spec imens  were viewed i n  a P h i l l i p s  
S c a n n in g  E l e c t r o n  Microscope 500 and photographed a t  12 KV on I l f o r d  
FP4 120 f i lm .
b) Surface  c h a r a c t e r i s t i c s  of  unused tubes
D e t a i l s  o f  t h e  unused  tubes  examined a re  p resented  in  Table 16.
The ra n g e  o f  t u b e  s i z e s  and m a t e r i a l s  were s e l e c t e d  t o  be
r e p r e s e n t a t i v e  o f  t h e  r a n g e  o f  tubes  on the  market (F ig .  32) .  Both 
t h e  i n t e r n a l  and e x t e r n a l  s u r f a ce s  of  th e  tubes  were examined.
c) Per fus ion  of tubes  with  contaminated feeds
I The t u b e s  s e l e c t e d  f o r  p e r f u s i o n  e x p e r i m e n t s  were C l i n i f e e d
e n t e r i c  tubes  (C l in i f e e d  1/85, Roussel) which a re  composed of extruded 
p o l y v i n y l c h o r i d e  (PVC) made rad io -opaque with  barium su lp h a t e .  Each
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FIGURE 32 G ross ap p earan ce o f  e n t e r a l  f e e d in g  tu b e s  
show ing th e  v a r i a b i l i t y  in  th e  tu b e  ends and s i z e  o f  
tu b e s .
The tu b e s  shown a r e  (from  l e f t  t o  r ig jh t) A ldcn  
n asod u od en al L e v in 's  tu b e , Viom edex e n t e r a l  f e e d in g  
tu b e , A rg y le  Scotsm an, Vygon duod en al tu b e , A ldon  
f e e d in g  tu b e , Vygon p a e d ia t r ic  XRO fe e d in g  tu b e  f o r  
in c u b a to r s , E ntron n a s o g a s tr ic  f e e d in g  tu b e ,  
C l in i f e e d in g  System  1 /8 5  (n a s o - e n t e r ic  tu b e ) .
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TABLE 16 : D e t a i l s  of e n t e r a l  feeding tubes  examined
in  t h e  Scanning E lec t ron  Microscope
En te ra l  feed ing  tube M ate r ia l Suppl ier*
'Aldon'  Feeding tube PVC
(rad io -opaque)
Aldington 
L a b o ra to r i e s  Ltd.
'Aldon'  Nasoduodenal 
(Levins) Tube
PVC It II
'Aldon'  C h i l d ' s  Feeding 
Tube
PVC It II
Argyle Scotsman PVC Argyle
E n t r i f l e x Polyure thane  with 
i n t e r n a l  coa t ing  of 
h y d ro p h i l i c  polymer 
( rad io-opaque)
F rank l in  Medical
Entron tt II F rank l in  Medical
C l in i f e e d in g  System 1 
( n a s o - g a s t r i c  tube)
PVC
(radio -opaque)
Roussel  L a b o ra to r i e s  
Ltd.
C l in i f e e d in g  System 
1/85 ( n a s o - e n t e r i c  tube)
II II II





Vygon P a e d i a t r i c  XRO 





fygon P a e d i a t r i c  
Duodenal Tube
S i l i c o n e 11 II II
 ^ Addresses given i n  Appendix B.
-  102 -
tube  was connected to  a C l in i f e e d in g  System 3 ( R o u s se l ) , t h e  r e s e r v o i r
of which conta ined  one of  the  fo l lowing  ;
1. 1000ml of s t e r i l e  C l in i f e e d  ISO,
2. 1000ml of C l in i f e e d  ISO which had been ex p er im en ta l ly
contaminated with S ta p h , aureus  (NCTC 10657) a t  
an i n i t i a l  l e v e l  o f  approximate ly  10^ c fu  ml” ’*,
3. 1000ml of C l in i f e e d  ISO which had been contaminated
with  £ .  c o l i  (NCTC 8007),
4. 1000ml 0.1% (w/v) peptone water contaminated with
S ta p h , a u r e u s ,
5.  1000ml 0.1% (w/v) peptone water contaminated with  JS. c o l i ,
and
6. 1000ml Tr iosorbon ( r e c o n s t i t u t e d  accord ing  to  the
m a n u fa c tu re r ' s  i n s t r u c t i o n s  but us ing  s t e r i l e  
d i s t i l l e d  w a te r ) .
Each o f  t h e  s i x  s y s te m s  were p r e p a r e d  and run a t  125ml h”  ^ as 
d e s c r i b e d  i n  Ch. 5 . 2 , 2 .  The whole  e x p e r i m e n t  was r e p e a t e d  t h r e e  
t i m e s .  A f t e r  8h ,  when each system was empty, the  f i n e - b o r e  tube  was 
l i f t e d  i n to  a v e r t i c a l  p o s i t i o n  to  empty out any r e s i d u a l  f e e d .  Each 
o f  t h e  t h r e e  f i n e - b o r e  t u b e s  from th e  s ix  systems were prepared fo r  
examinat ion in  th e  scanning e l e c t r o n  m i c r o s c o p e .  Tube s am p les  were 
a l s o  o b t a i n e d  from systems con ta in in g  C l in i f e e d  ISO contaminated with 
S t a p h . au reus  which had run fo r  24h, the  r e s e r v o i r s  being r e f i l l e d  a t  
8 and 16h .
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V a r io u s  m a n u f a c t u r e r s  ( e . g .  B i o s e a r c h  M edica l  P r o d u c t s  I n c . )  
recommend t h a t  th e  e n t e r a l  feed ing  tubes  a re  i r r i g a t e d  w i th  w a te r  a t  
r e g u l a r  i n t e r v a l s  during t h e  course  of a d m in i s t r a t i o n  o f  th e  feed and 
th e r e f o r e  th e  e f f e c t  o f  t h i s  p r o c e d u r e  was exam ined .  R e s e r v o i r s  
c o n t a i n i n g  1000ml C l in i f e e d  ISO were exper im en ta l ly  contaminated with  
S t a p h . a u r e u s  (NCTC 10657) and th e  systems run fo r  8h a t  125ml h""*. 
Each f i n e  b o re  t u b e  was d i s c o n n e c t e d  a s e p t i c a l l y  and r i n s e d  through 
with  10ml s t e r i l e  water us ing  a s t e r i l e  d i s p o s a b l e  s y r i n g e  p r i o r  t o  
p rep a r in g  i t  f o r  examination  i n  th e  scanning e l e c t r o n  microscope.
In  a second  s t u d y  on t h e  e f f e c t  o f  i r r i g a t i n g  t h e  t u b e ,  t h e  
system was prepared  as d e sc r ib ed  above but in  t h i s  case  th e  system was 
run f o r  4h, th e  f i n e - b o r e  tube  r i n s e d ,  t h e  system l e f t  s t a t i c  f o r  2h 
and t h e n  t h e  e x p e r i m e n t a l l y  contaminated feed allowed to  run through 
a t  125 ml h”  ^ f o r  a f u r t h e r  2h,  The f in e - b o r e  tube was then removed 
and prepared fo r  examinat ion i n  th e  scanning e l e c t r o n  microscope.
d) Immersion o f  tubes  i n  contaminated feeds
The tubes  s e l e c t e d  fo r  immersion i n  l a b o r a to r y  contaminated feeds  
were th e  C l in i f e e d in g  System 1/85, t h e  E n t r i f l e x  N a s o - g a s t r i c  t u b e ,  
t h e  Aldon N a so -d u o d e n a l  ( L e v i n ' s )  t u b e  and t h e  Vygon P a e d i a t r i c  
Duodenal tube (Table 16).
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F o r t y  1cm l e n g t h s  o f  each tu b e  were c u t  in  two l o n g i t u d i n a l l y  
with s t e r i l e  r a z o r  b la d es .  Ten of th e  r e s u l t i n g  s e c t io n s  of each tube  
were  t h e n  t r a n s f e r r e d  t o  each  of 8 empty s t e r i l e  Universa l  b o t t l e s .  
Twenty ml q u a n t i t i e s  of th e  fo l lowing  e n t e r a l  feeds  were then added to  
two of  each of th e se  b o t t l e s ,  l a b e l l e d  1h and 24h, r e s p e c t i v e l y
1. S t e r i l e  C l in i f e e d  ISO.
2. C l in i f eed  ISO ex p er im en ta l ly  contaminated wi th  c o l i
(NCTC 8007; 102 -  1o3 ml“ 1 fe e d ) .
3. C l in i f eed  ISO ex p er im en ta l ly  contaminated with  S ta p h .
au reus  (NCTC 10657; 10^ -  103 ml"1 f e e d ) .
4. Tr iosorbon (p repared  according  to  the  m anufac tu re r ’s
i n s t r u c t i o n s  but us ing  s t e r i l e  d i s t i l l e d  w a t e r ) .
Each of the  samples was thoroughly  mixed on a Rotamixer (Hook and 
Tucke r  I n s t r u m e n t s  L t d . )  and t h e n  i n c u b a t e d  a t  37°C i n  an o r b i t a l  
in c u b a to r  (Gallenkamp) a t  120 rpm. A f te r  1h and 24h t h e  a p p r o p r i a t e  
U n i v e r s a l  b o t t l e s  were  removed from the  in c u b a to r  and each p iece  of 
tube was washed fo r  a t o t a l  o f  7 5s by g e n t l e  manual a g i t a t i o n  i n  5 
j a r s  o f  s t e r i l e  d i s t i l l e d  w a t e r .  The s e c t i o n s  o f  tu b e  from each 
b o t t l e  were then  prepared f o r  e x a m i n a t i o n  i n  t h e  s c a n n in g  e l e c t r o n  
m i c r o s c o p e ,  sam ples  being c r i t i c a l - p o i n t  d r ied  using carbon d iox ide ,
o
and go ld-coa ted  to  200-500 A i n  a s p u t t e r  c o a te r  cooled to  5°C.
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6 . 3  RESULTS
Recovery of E. c o l i  and Staph, aureus from the  inne r  s u r f a c e s  
n u t r i e n t  c o n ta i n e r s
The r e s u l t s  are  shown below :
TABLE 17 Colonies  per cm^ a f t e r  incuba t ion  of r e s e r v o i r  
p l a s t i c  with agar  fo r  24h a t  37^C (each f i g u r e  
i s  th e  average of s ix  c o u n t s ) .
Organism Treatment of s t r i p s
Washed 
(c fu  per cm2)
Unwashed 
(cfu  per cm2
E. c o l i pressed onto agar 37 534
agar  poured on 119 785
Staph,  aureus pressed onto agar 137 641
agar poured on 415 927
The r e s u l t s  show t h a t  bo th  JE. c o l i  and S ta p h , aureus  organisms 
a d h e r e d  t o  the  p l a s t i c .  Washing th e  s t r i p s  r e s u l t e d  i n  a s u b s t a n t i a l  
decrease  ()>50%) in  th e  number of c o lony  fo rm ing  u n i t s  d e t e c t e d  f o r  
b o th  c o l i  and S t a p h . a u r e u s . The red u c t io n  in  numbers of c o l i  
a f t e r  washing  (85-93%) was g r e a t e r  t h a n  t h a t  o f  S t a p h . a u re u s  
(56 -79% ) .  Higher counts  (x 1 .5 fo r  unwashed and x3 fo r  washed s t r i p s )  
were obta ined  fo r  both o rgan ism s  when t h e  ag a r  was poured  o n to  t h e  
p l a s t i c  s t r i p  r a t h e r  t h a n  t h e  s t r i p  p r e s s e d  o n to  t h e  a g a r .  This 
sugges ts  t h a t  some o rg a n i s m s  were lo d g e d  i n  i r r e g u l a r i t i e s  on t h e  
s u r f a c e  o f  t h e  p l a s t i c  s i n c e  p o u r i n g  t h e  agar onto th e  s t r i p  would 
r e s u l t  in  b e t t e r  c o n t a c t  w i th  an uneven  s u r f a c e  t h a n  p r e s s i n g  t h e  
s t r i p  onto th e  agar s u r f a c e .
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Scanning e l e c t r o n  microscope s t u d i e s  of e n t e r a l  feed ing  tubes
a) Surface  c h a r a c t e r i s t i c s  o f  unused tubes
The a p p e a r a n c e  o f  u n f i x e d  and f i x e d  t u b e s  was v e ry  s i m i l a r ,  
i n d i c a t i n g  t h a t  p rocess ing  had not a l t e r e d  th e  su r f a c e  c h a r a c t e r i s t i c s  
o f  the  tu b es .  Both th e  in n e r  and o u te r  su r f a c e s  of  a l l  t h e  samples of 
unused feed ing  tubes  were f r e e  from m ic rob ia l  con tam inat ion .  However, 
a d e t a i l e d  s t u d y  o f  t h e  m ic r o t o p o g r a p h y  of  th e se  s u r f a c e s  revea led  
many su r f a ce  i r r e g u l a r i t i e s  i n  which m i c r o - o r g a n i s m s  c o u ld  become 
t r a p p e d  i f  t h e  t u b e  comes i n t o  c o n tac t  with  contaminated m a t e r i a l s .  
F igu res  33 and 34 show th e  v a r i a t i o n  i n  a p p e a r a n c e  o f  t h e  i n n e r  and 
o u t e r  s u r f a c e s  o f  PVC, s i l i c o n e ,  r a d io - o p a q u e  PVC and radio -opaque  
p o l y u r e t h a n e  t u b e s .  S u r f a c e s  were r i d g e d  l o n g i t u d i n a l l y ,  p i t t e d ,  
w a v e - l i k e  o r  r e t i c u l a t e d .  F ig u r e s  33 and 34 a l so  i l l u s t r a t e  t h a t  
th e  o u te r  su r f a c e s  of  th e  t u b e s  were l e s s  i r r e g u l a r  t h a n  t h e  i n n e r  
s u r f a c e s .
F i g u r e s  35 and 36 show t h a t  t h e r e  were n o t i c e a b le  d i f f e r e n c e s  
between th e  appearance of  th e  i n t e r n a l  lumina of two tubes  ( E n t r i f l e x  
and Entron,  F r an k l in  Medical) both of which were made o f  ErythrothaneR 
(a s p e c i a l l y  f o r m u l a t e d  m e d i c a l  g r a d e  p o l y u r e t h a n e  which does  n o t  
s t i f f e n  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t ) .  Both types  o f  tube co n ta in  
barium su lp h a t e  fo r  r a d i o - o p a c i t y  and have th e  tube  lumina coated  with 
HydromerR ( a  h y d r o p h i l i c  polymer  which i s  a c t i v a t e d  by w a t e r  and 
prov ides  a l u b r i c a n t  fo r  passage of th e  g u i d e - w i r e ) .
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FIGURE 33 M ic r o t o p o g r a p h y  o f  e n t e r a l  f e e d i n g  t u b e s .
Tube m a t e r i a l s  a r e  : r a d i o - o p a q u e  PVC ( C l i n i f e e d  1 / 8 5 ,  
R o u s s e l  ( a )  i n t e r n a l  and (b)  e x t e r n a l  s u r f a c e ;  PVC 
(Aldon N as o d u o d e n a l  L e v i n ' s  Tube ,  A l d i n g t o n )  ( c )  i n t e r n a l  
and (d) e x t e r n a l  s u r f a c e .
Scale bar = 10 pm
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FIGURE 34 M ic r o t o p o g r a p h y  o f  e n t e r a l  f e e d i n g  t u b e s .
Tube m a t e r i a l s  a r e  : r a d i o - o p a q u e  p o l y u r e t h a n e  ( E n t r i f l e x ,  
F r a n k l i n  M e d ic a l )  (a)  i n t e r n a l  and (b)  e x t e r n a l  s u r f a c e ;  
s i l i c o n e ( V y g o n  p a e d i a t r i c  d u o d e n a l  t u b e ,  Vygon) ( c )  
i n t e r n a l  and (d)  e x t e r n a l  s u r f a c e .
S c a l e  b a r  = 10 pm
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FIGURE 35 A ppearance o f  th e  in t e r n a l  s u r fa c e  o f  r a d io ­
opaque p o ly u r e th a n e  tu b e  c o a te d  w ith  h y d r o p h il ic  
polym er (E n tron , F r a n k lin  M ed ica l)  (a ) g r o s s  s u r fa c e  
s t r u c t u r e ,  (b ) d e t a i l  o f  s u r fa c e  s t r u c t u r e .
S c a le  b a r  = 10 pm
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FIGURE 36 A ppearance o f  t h e  in t e r n a l  s u r fa c e  
o f  r a d io -o p a q u e  p o ly u r e th a n e  tu b e  c o a te d  w ith  
h y d r o p h il ic  polym er ( E n t r i f l e x ,  F r a n k lin  M ed ica l)
a )  g r o s s  s u r fa c e  s t r u c t u r e
b ) d e t a i l s  o f  s u r fa c e  s t r u c t u r e
c )  ap p earan ce o f  th e  in t e r n a l  s u r fa c e  a s  
o b se r v ed  in  an o b liq u e  v ie w  o f  a  t r a n s v e r s e  
s e c t i o n  o f  tu b e .
S c a le  b a r  = 10 pm
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The g r o s s  s u r f a c e  s t r u c t u r e  o f  t h e  lu m in a  o f  t h e  t u b e s  was 
s i m i l a r  ( F i g s  35a and 3 5 a ) ,  a l t h o u g h  on c a r e f u l  e x a m i n a t i o n  t h e  
s u r f a c e  o f  the  Entron tu b e  seemed to  be s l i g h t l y  rougher than  t h a t  of  
t h e  E n t r i f l e x  t u b e .  T h i s  d i f f e r e n c e  was h i g h l i g h t e d  a t  a h i g h e r  
m a g n i f i c a t i o n  (Figs  35b and 36b) where th e  s u r f a c e  o f  th e  Entron tube  
(F ig .  35b) was observed to  be deeply  wrinkled w hereas  t h e  s u r f a c e  o f  
t h e  E n t r i f l e x  tu b e  ( F i g ,  36b) was f i n e l y  r i d g e d .  F ig .  36c shows a 
t r a n s v e r s e  s e c t i o n  o f  an E n t r i f l e x  t u b e  and i l l u s t r a t e s  t h e  deep 
f i s s u r e s  observed i n  t h e  lumen of  t h i s  type of tube .
N o t i c e a b l e  r o u g h n e s s  was o b s e r v e d  on t h e  i n n e r  s u r f a c e s  o f  
r a d i o - o p a q u e  t u b e s  o r  t u b e s  w i th  r a d io - o p a q u e  a r e a s  (F igs  35b and 
37) .  The d i s t r i b u t i o n  o f  t h e  r a d i o - o p a q u e  m a t e r i a l  v a r i e d  i n  t h e  
d i f f e r e n t  t y p e s  o f  t u b e .  In some tubes  i t  was evenly d i s t r i b u t e d  as 
smal l  p a r t i c l e s  ( F i g s  35b and 3 7 a ) ,  i n  some t h e  d i s t r i b u t i o n  was 
p a t c h y  ( F i g .  37b) and i n  some t u b e s  a n g u l a r  c h i p s  of rad io -opaque  
m a te r i a l  were observed t o  be a c t u a l l y  p ro t ru d in g  from th e  tube  s u r f a c e  
(F ig .  37c) .
Although, in  g e n e r a l ,  th e  o u te r  s u r f a c e s  of the  tubes  appeared to  
be s l i g h t l y  smoother than  th e  in n e r  s u r f a c e s  ( F i g s  33 and 34) some 
m a jo r  d e f e c t s  were observed i n  the  o u te r  su r face s  o f  th e  tu b e s ,  e .g .  
deep p i t s  i n  th e  ou te r  su r f a ce  of  r a d i o - o p a q u e  PVC ( C l i n i f e e d  1 /8 5 ,  
Roussel)  and po lyure thane  (Entron , F ran k l in  Medical) tubes  (F ig .  38).
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FIGURE 37 S u r fa c e  i r r e g u l a r i t i e s  due t o  th e
p r e se n c e  o f  ra d io -o p a q u e  m a te r ia l .
a ) e v e n ly  d i s t r ib u t e d  p a r t i c l e s  o f  r a d io ­
opaque m a te r ia l  in  a  PVC tu b e .
b ) p a tc h  o f  ra d io -o p a q u e  m a te r ia l  i n  a  PVC 
tu b e .
c )  a n g u la r  c h ip s  o f  r a d io -o p a q u e  m a te r ia l  
p r o tr u d in g  from  in n e r  s u r fa c e  o f  a  
p o ly u r e th a n e  tu b e .
S c a le  b a r  = 10 pm
— 108a —
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%FIGURE 38 Deep p i t s  in  th e  o u te r  s u r fa c e s  o f  tu b e s ,
(a )  p o ly u r e th a n e  tu b e  (E n tron , F r a n k lin  M e d ic a l) ,
(b ) ra d io -o p a q u e  PVC tu b e  ( C l in i f e e d  1 /8 5 , R o u s s e l ) .
Scale bar = 10 pm
-  108c -
b) Perfusion of tubes with contaminated feeds
F i g .  39a shows th e  r e s u l t  o f  p e r fu s in g  a tube  with  C l in i f e e d  ISO 
c o n t a m i n a t e d  w i th  an i n i t i a l  inoculum of  10^ S tap h . aureus  ml"”* a t  a 
r a t e  o f  125 ml h" 1 f o r  8h.  Af te r  8h th e  feed conta ined over 10^ c fu  
m l" 1 .  P a r t i c l e s  o f  the  feed could c l e a r l y  be seen co a t in g  th e  lumen 
o f  t h e  t u b e  and d i v i d i n g  S t a p h . aureus  c e l l s  were v i s i b l e .  S im i la r  
r e s u l t s  were o b t a i n e d  f o r  t u b e s  p e r f u s e d  w i th  C l i n i f e e d  ISO 
e x p e r i m e n t a l l y  c o n t a m i n a t e d  w i th  c o l i . Also,  p a r t i c l e s  o f  feed 
were  o b s e r v e d  t r a p p e d  in  grooves  and o the r  s u r face  i r r e g u l a r i t i e s  on 
th e  in n e r  su r f a c e  of tubes  t h a t  had been perfused  f o r  8h wi th  s t e r i l e  
C l in i f e e d  ISO.
B a c i l l i  p re sen t  as  contaminants  in  t h e  Tr iosorbon m u l t i p l i e d  over 
t h e  8h of th e  experiment and can be seen amongst th e  p a r t i c l e s  of feed 
i n  F ig .  39b,
In  t h e  exper im en ts  where th e  tubes  were perfused  wi th  0.1% (w/v) 
p e p t o n e  w a t e r  c o n t a m i n a t e d  w i th  e i t h e r  S tap h , aureus  or c o l i  the  
i n n e r  s u r f a c e s  o f  t h e  t u b e s  were found to  have pa tches  of  amorphous 
m a te r i a l  deposi ted  on them (F ig .  40) .
F i g ,  41 shows t h e  l a r g e  amount o f  m a t e r i a l  c o a t i n g  th e  in n e r  
su r fa ce  of a tube  t h a t  had been per fused  fo r  24h a t  a r a t e  o f  125 ml 
h"l  wi th  C l in i feed  ISO contaminated with  S tap h , a u re u s . This tube was 
n o t  r i n s e d  i n  w a te r  p r i o r  t o  f i x i n g  i n  o r d e r  t o  examine th e  t o t a l
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FIGURE 39 I n te r n a l  s u r f a c e s  o f  tu b e s  (ra d io -o p a q u e  PVC) 
f o l lo w in g  p e r fu s io n  f o r  8h w ith  (a )  C l in i f e e d  ISO 
e x p e r im e n ta lly  co n ta m in a ted  w ith  S ta p h , au reu s and (b )  
T r io so rb o n , c o n t a m i n a t e d .  w i t K  b a c i l l i .
A dherent p a r t i c l e s  o f  f e e d  and b a c t e r i a l  c e l l s  (arrow s)  
can be s e e n  .
Scale bar = 1 pm
-  109a -
FIGURE 40  Amorphous d e p o s i t s  in  tu b e s  (ra d io -o p a q u e  
PVC) p e r fu se d  f o r  8h w ith  0.1%  (^ /v )  p ep ton e  w a ter  
co n ta m in a ted  w ith  S ta p h , a u r e u s .
S c a le  b ar  = 10 pm
-  109b -
FIGURE 41 D e p o s it s  in  a  tu b e  (ra d io -o p a q u e  PVC) 
p e r fu s e d  f o r  24h w ith  C l in i f e e d  ISO e x p e r im e n ta lly  
co n ta m in a ted  w ith  S ta p h , a u r e u s .
a ) O v e r a ll  v ie w  o f  in n e r  s u r fa c e  o f  tu b e  show ing  
d e p o s i te d  m a te r ia l .
S c a le  b a r  = 100 pm
b) + ( c )  E n larged  v ie w s  show ing t h a t  th e  in n e r
s u r fa c e  o f  th e  tu b e  i s  v i r t u a l l y  o b scu red  by  
th e  d e p o s i te d  m a te r ia l .
S c a le  b ar = 10 pm
-  109c -
- 109d -
amount of  r e s i d u a l  m a te r i a l  l e f t  in  t h e  tube a f t e r  a d m i n i s t r a t i o n .  An 
o v e r a l l  view of  th e  in n e r  s u r fa ce  of  th e  tube i s  p resen ted  i n  F ig .  4 la  
showing p a t c h e s  o f  m a t e r i a l  d e p o s i t e d  o v e r  i t .  I n c r e a s i n g  t h e  
m a g n i f ic a t io n  (F igs  4 1b and 41c) r evea led  t h a t  t h e  i n n e r  s u r f a c e  o f  
t h e  tube  was almost t o t a l l y  obscured by th e  depos i ted  m a t e r i a l .
The e f f e c t  of i r r i g a t i n g  th e  tubes  with s t e r i l e  water d u r i n g  t h e  
c o u r s e  o f  a d m i n i s t r a t i o n  d e m o n s t r a t e d  t h a t  some o f  t h e  d e p o s i t e d  
m a t e r i a l  could be removed by t h i s  method.  L arge  a r e a s  of  d e p o s i t e d  
fe e d  and b a c t e r i a  were  a g a i n  observed a f t e r  tubes  had been perfused  
f o r  8h w i th  C l in i feed  ISO contaminated wi th  S taph , a u r e u s . I r r i g a t i n g  
t h e  t u b e s  w i th  s t e r i l e  water r e s u l t e d  in  much of  t h i s  m a t e r i a l  being 
removed. However, when t u b e s  were p e r f u s e d  w i th  c o n t a m i n a t e d  f e e d  
a f t e r  t h e y  had been i r r i g a t e d  with  s t e r i l e  water ,  d e p o s i t s  were once 
again  observed on th e  in n e r  s u r f a c e s  o f  t h e  tu b e s .
c) Immersion o f  tubes  in  contaminated feeds
In  a l l  t h e  exper iments  i t  was found t h a t  t h e r e  was more m a te r i a l  
a d h e r i n g  t o  t h e  s e c t i o n s  o f  t u b e  t h a t  had been i n c u b a t e d  i n  
contaminated feed f o r  24h than  to  those  incubated  fo r  1h.
F ig .  42 shows the  appearance o f  th e  ou te r  su r face  of  s e c t i o n s  o f  
PVC t u b e s  (Aldon N aso -D u o d e n a l ,  Levins) t h a t  had been incubated  fo r  
e i t h e r  1h (F ig .  42a) o r  24h (F ig .  42b) i n  C l i n i f e e d  ISO c o n t a m i n a t e d  
w i t h  S t a p h . a u r e u s . The v i a b l e  count was 1 o3 and 10^ c fu  ml"l a f t e r
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FIGURE 42 O uter s u r fa c e  o f  PVC tu b e  a f t e r  in m ersio n  
i n  f e e d  e x p e r im e n ta lly  co n ta m in a ted  w ith  S ta p h . 
a u r e u s , (a )  a f t e r  Ih  im m ersion (b ) and ( c )  a f t e r  
24h im m ersion .
B a c t e r ia l  c e l l s  and p a r t i c l e s  o f  f e e d  can be s e e n  
on th e  r e t i c u l a t e d  s u r fa c e  (a r r o w s) .
S c a le  b ar  = 10 pm.
— 1 1 0 a  —
p-  llOb -
1h and 24h r e s p e c t i v e l y .  A f t e r  Ih  a few p a r t i c l e s  o f  f e e d  were 
observed to  have lodged i n  i r r e g u l a r i t i e s  in  the  s u r f a c e  o f  t h e  t u b e  
( F i g .  42a) whereas a f t e r  24h a g r e a t e r  p ro p o r t io n  of  th e  su r f a c e  a rea  
was coated with feed p a r t i c l e s  ( F i g .  42b)  and some b a c t e r i a l  c e l l s  
were v i s i b l e  (F ig .  42c) ,  A f te r  Ih ,  the  amount o f  m a te r i a l  observed on 
th e  o u te r  and in n e r  s u r f a c e s  of th e  s e c t i o n s  o f  PVC tube  was about th e  
same. However, a f t e r  24h t h e r e  appeared to  be s l i g h t l y  more m a te r i a l  
on th e  in n e r  su r f a c e  of th e  tube  than  t h e  o u t e r  s u r f a c e  ( F i g ,  4 3 b ) .  
S i m i l a r  r e s u l t s  were  o b t a i n e d  f o r  s e c t i o n s  o f  t u b e  i n c u b a t e d  in  
Tr iosorbon  (F ig .  43a) and i n  C l in i f e e d  ISO contaminated with  c o l i .
A f t e r  24h i n c u b a t i o n  a t  37°C in  C l in i feed  ISO contaminated with 
S t a p h . a u re u s  numerous l a r g e  pa tches  o f  m a te r i a l  were observed on th e  
i n n e r  s u r f a c e  o f  t h e  rad io-opaque  PVC tube (C l in i f ee d  1/85, Roussel)  
(F ig .  44a) .  B a c t e r i a l  c e l l s  may have been  p r e s e n t  i n  t h i s  m a t e r i a l  
b u t  c o u ld  not be seen c l e a r l y .  There appeared to  be l e s s  m a te r i a l  on 
t h e  o u ts id e  of  th e  tu b e ,  but t h e r e  were a number of p i t s  on t h e  o u t e r  
s u r f a c e  in  which feed p a r t i c l e s  and b a c t e r i a l  c e l l s  were t rapped  (F ig .  
4 4 b ) .  S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  r a d i o - o p a q u e  PVC t u b e s  
i n c u b a t e d  i n  C l i n i f e e d  ISO c o n t a m i n a t e d  w i th  JS. c o l i  and F ig .  44c 
shows one of a number of  smal l  c o lo n ie s  observed on th e  in n e r  su r f a ce  
of a tube incubated  f o r  24h,
An i n t e r e s t i n g  phenomenon was observed on some of  th e  s e c t i o n s  of 
rad io-opaque  PVC tube  t h a t  had been incubated  f o r  24h i n  T r i o s o r b o n .
-  I l l  -
FIGURE 43 In n er  s u r fa c e  o f  PVC, tu b e  .a f t e r  irrm ersion
O  „ , w,'A bacifij . .
in  f e e d  a t  37 C f o r  24h . (a )  Triosorbonj^ana (b )
C l in i f e e d  ISO e x p e r im e n ta lly  co n ta m in a ted  w ith  S ta p h , 
a u r e u s .
B a c t e r ia l  c e l l s  can  b e  s e e n  (a r r o w s) .
a ) S c a le  b ar  = 10 pm
b ) S c a le  b a r  = 1 pm
-  111a -
FIGURE 44  (a )  In n er  and (b j O uter s u r fa c e s  o f  r a d io ­
opaque PVC tu b e  ( C l in i f e e d  1 /8 5 )  a f t e r  in m ersio n  f o r  
24h in  C l in i f e e d  ISO e x p e r im e n ta lly  co n ta m in a ted  w ith  
S ta p h , a u r e u s . B a c t e r ia l  c e l l s  and p a r t i c l e s  o f  
f e e d  can  b e  s e e n  tra p p ed  in  a  p i t  on th e  o u te r  
s u r fa c e  o f  th e  tu b e  (b , a rro w ).
( c )  In n er  s u r fa c e  o f  r a d io -o p a q u e  PVC tu b e  
( c l i n i f e e d  1 /8 5 )  a f t e r  im m ersion f o r  24h in  f e e d  
e x p e r im e n ta lly  co n ta m in a ted  w ith  E. c o l i . A clump 
o f  b a c t e r i a l  c e l l s  i s  c l e a r l y  v i s i b l e .
S c a le  b ar  = 10 pm
-  111b -
HH
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Patches  of  th e  in n e r  s u r f a c e  of th e  tube  were covered with a t h i n  f i lm  
of t r a n s p a r e n t  m a te r i a l  (F ig ,  45a) and th e  rod-shaped b a c t e r i a  p re sen t  
i n  t h e  Tr io so rbon  appeared to  be 'cemented'  to  th e  tube su r f a ce  (F ig .  
45b).
P a r t i c l e s  o f  f e e d  and b a c t e r i a l  c e l l s  were p re sen t  on both th e  
in n e r  and ou te r  su r f a c e s  of th e  s e c t i o n s  of rad io -opaque p o l y u r e t h a n e  
tu be  incubated in  C l in i f e e d  ISO plus  S tap h , a u re u s , C l in i f e e d  ISO p lus  
— * c o l i  and T r i o s o r b o n ,  S l i g h t l y  more m a t e r i a l  was p re sen t  on the  
i n n e r  s u r f a c e s  t h a n  t h e  o u t e r  ones.  In Fig .  46 i t  can be seen t h a t  
b a c t e r i a l  c e l l s  ( S t a p h , a u r e u s ) were  n o t  o n ly  t r a p p e d  i n  s u r f a c e  
f i s s u r e s  but a l so  a t t a ch e d  to  t h e  smooth su r f a c e  o f  th e  tube .
The small  amount o f  m a t e r i a l  a d h e r i n g  t o  t h e  s u r f a c e s  o f  t h e  
s e c t i o n s  o f  s i l i c o n e  tube  a f t e r  24h in cu b a t io n  with  C l in i f e e d  ISO p lus  
S t a p h . a u r e u s  i s  i l l u s t r a t e d  i n  F i g .  47* Very l i t t l e  m a t e r i a l  was 
o b s e r v e d  on e i t h e r  th e  in n e r  or o u te r  su r f a c e s  o f  th e  s i l i c o n e  tu b e s ,  
but a few b a c t e r i a l  c e l l s  (F ig ,  47b) a p p e a re d  t o  be a t t a c h e d  t o  t h e  
comparat ive ly  smooth s u r f a c e s  of  th e s e  tu b es .
-  112 -
FIGURE 45 In n er  s u r fa c e  o f  ra d io -o p a q u e  PVC tu b e  a f t e r  
24h in m ersio n  in  T r io so rb o n , show ing a  la y e r  o f  
amorphous m a te r ia l  c o a t in g  th e  s u r fa c e .  A dherent 
b a c i l l i  a r e  a l s o  v i s i b l e .
(a )  S c a le  b a r  = 10 pm
(b ) S c a le  b ar  = 1 pm
-  112a -
FIGURE 46 In n er  s u r fa c e  o f  ra d io -o p a q u e  p o ly u r e th a n e  
tu b e  a f t e r  im m ersion f o r  24h in  f e e d  e^q^erim entall y  
co n ta m in a ted  w ith  S ta p h , a u r e u s . P a r t i c l e s  o f  f e e d  
and b a c t e r i a l  c e l l s  (arrow s) can  b e  s e e n .
S c a le  b ar  = 10 pm
-  112b -
KFIGURE 47 (a )  In n er  and (b ) o u te r  s u r fa c e s  o f  s i l i c o n e
tu b e  a f t e r  24h im m ersion in  C l in i f e e d  ISO 
e x p e r im en ta l l y  co n ta m in a ted  w ith  S ta p h , a u r e u s .
D iv id in g  b a c t e r i a l  c e l l s  can  be se e n  (a rro w ).
Scale bar = 10 pm
-  112c -
CHAPTER 7
DISCUSSION
7.1 THE USE OF ENTERAL FEEDS IN HOSPITALS : A SURVEY OF HANDLING
PRACTICE
The s u r v e y s  c a r r i e d  out dur ing  1982 -  1984 revea led  a v a r i e t y  of 
p r a c t i c e s  in  th e  p r e p a ra t io n  and a d m in i s t r a t i o n  of e n t e r a l  f e ed s .  Over 
t h e  t h r e e  years  i t  was found t h a t  the  feeds most f r e q u e n t ly  used were 
th e  r e a d y - t o - u s e  com m erc ia l  f o r m u la e  ( >70% o f  t h e  f e e d s ) .  T h i s  
r e s u l t  d i f f e r s  from t h a t  of Tredger _elb (1981) who repo r ted  t h a t  in  
a s u r v e y  o f  72 h o s p i t a l s  made i n  1979 t h e  ty p e  o f  t u b e  fe e d  most 
f r e q u e n t l y  s e l e c t e d  i n  38 (51%) o f  t h e  h o s p i t a l s  was
h o s p i t a l - p r e p a r e d  f e e d .  T h i s  a p p a r e n t  i n c r e a s e  i n  t h e  use  o f  
r e a d y - to -u s e  commercial f e e d s  may be e x p l a i n e d  by t h e  im provem ents  
t h e r e  have been i n  t h e  range o f  commercial formulae a v a i l a b l e  during 
r e c e n t  y e a r s  and a g r e a t e r  a w a re n e s s  o f  t h e  p o t e n t i a l  h a z a r d s  o f  
m ic rob ia l  contamination of e n t e r a l  feeds .
I n g r e d ie n t s  used in  h o s p i t a l - p r e p a r e d  feeds  inc luded  p a s t e u r i s e d  
m i lk ,  d r ied  skim milk ,  Compian and raw egg. Tredger ^  £ l .  (1981) a lso  
r e p o r t e d  t h e  u se  o f  Complan i n  h o s p i t a l - p r e p a r e d  feed s .  Complan and 
raw eggs have both been c i t e d  as sources  of c o n t a m i n a t i o n  i n  e n t e r a l  
f e e d s .  For  exam ple ,  Bastow (1982) repo r ted  the  p resence  o f  jB.
c e r e u s  i n  Complan and i n  1 9 8 I G i l l  and G i l l  sugges ted t h a t  raw eggs 
u sed  i n  a fe ed  migh t  have  been t h e  s o u r c e  o f  5 a lm . e n t e r i t i d i s  
i n f e c t i o n  in  a p a t i e n t .
Mixing a n d / o r  d i l u t i n g  t h e  f e e d  i n g r e d i e n t s  p r o v i d e s  ano ther  
m a jo r  s o u r c e  o f  c o n tam in a t io n  of feeds  (Casewell  e t  a l .  1981, Bastow
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a t  1982) and in  th e  p re sen t  survey i t  was found t h a t  in  80% of  the  
h o s p i t a l s  a d d i t i o n a l  S u b s t a n c e s  were mixed w i th  t h e  r e a d y - t o - u s e  
commercial feeds .  The most commonly added substance  was t a p  water but 
i n  two h o s p i t a l s  d i s t i l l e d  water  was used. In only two h o s p i t a l s  was 
the  water bo i led  or s t e r i l i s e d  p r i o r  t o  u se  even th o u g h  i t  h a s  been 
r e p o r t e d  t h a t  bo th  d i s t i l l e d  w a t e r  and t a p  w a t e r  may s u p p o r t  th e  
g ro w th  o f  Gram nega t ive  b a c t e r i a ,  in c lu d in g  Ps aerug inosa  and c o l i  
(Burman and Colbourne 1977, Holmes and Allwood 1979).
Only two h o s p i t a l s  a t t e m p t e d  t o  s t e r i l i s e  t h e  l i q u i d i s e r s  and 
o t h e r  equipment used to  mix the  feeds  in  s p i t e  of th e  f a c t  t h a t  t h e r e  
have been numerous  r e p o r t e d  i n s t a n c e s  o f  l i q u i d i s e r s  and k i t c h e n  
eq u ip m en t  b e in g  t h e  s o u r c e  o f  c o n t a m i n a t i o n  o f  h o s p i t a l  food 
(M ontgomerie  ^  1970, Casewell 1977, Sharpe _e^ 1979, Casewell
a t  1981 , Bastow e t  1982).
In  most o f  t h e  h o s p i t a l s  t h e  f e e d s  were r e f r i g e r a t e d  between 
p r e p a r a t io n  and a d m i n i s t r a t i o n ,  however, t h e r e  were t h r e e  r e p o r t s  o f  
f e e d s  b e in g  l e f t  a t  k i t c h e n  o r  ward temperature  fo r  between 4 and 12h 
p r i o r  t o  a d m in i s t r a t i o n .  The r e s u l t s  o f  th e  p resen t  s tudy  and those  of  
Bas tow _et ( 1982) d e m o n s t r a t e  t h a t  r a p i d  m u l t i p l i c a t i o n  o f
contaminants  could occur dur ing  t h i s  t ime.
Many manufacturers  recommend t h a t  n u t r i e n t  c o n t a i n e r s  and g i v i n g  
s e t s  a re  fo r  s i n g l e  use on ly .  However, in  the  p re sen t  survey n u t r i e n t  
c o n ta i n e r s  were o f ten  r e f i l l e d  over a 24h period and in  two i n s t a n c e s
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t h e  n u t r i e n t  c o n t a i n e r s  were used fo r  more than  24h. The r e s u l t s  of 
t h e  p r e s e n t  s t u d y  showed t h a t  when t h e  n u t r i e n t  c o n t a i n e r s  were 
r e f i l l e d ,  t h e  r e s i d u e  o f  feed  in  the  c o n ta in e r  contaminated the  new 
feed and r e s u l t e d  in  high l e v e l s  of con tam inat ion .
F i n a l l y  i t  s h o u ld  be p o i n t e d  ou t  t h a t  over  the  th r e e  years  of 
t h i s  survey, t h e r e  were four  d e f i n i t e  cases  of th e  feeds  being h e a v i l y  
contaminated with micro-organisms
7 .2  MICROBIOLOGICAL QUALITY OF ENTERAL FEEDS AND FEED INGREDIENTS
The m i c r o b i o l o g i c a l  c r i t e r i a  f o r  s p e c i a l  d i e t a r y  fo o d s  
recommended by t h e  I n t e r n a t i o n a l  Commission on M i c r o b i o l o g i c a l  
S p e c i f i c a t i o n s  fo r  Foods (ICMSF; 1974) are  summarised in  Table 18





per g or ml 
M
aerob ic  p l a t e
10^count (APC) 5 1 10^
Staph,  aureus 10 1 10 102
E. c o l i 5 2 <3 10
B. cereus 10 1 1q2 104
* 2  = number of u n i t s  in  a sample
2  = th e  maximum a l lowable  number of marginal q u a l i t y  u n i t s
_m = the  m ic rob ia l  count t h a t  s e p a r a t e s  good from marginal
q u a l i t y  food
Î4 = th e  m ic rob ia l  count t h a t  s e p a r a t e s  marginal from d e fe c t iv e
q u a l i t y  food. Values g r e a t e r  than M are  considered 
unaccep tab le .
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None o f  t h e  u n i t s  t e s t e d  i n  t h i s  s t u d y  exceeded  t h e s e  ni or  JM 
v a l u e s  f o r  APC, St aph . a u r e u s , c o l i  or c e r e u s . However, i n  1977 
t h e  Food and A g r i c u l t u r e  O r g a n i s a t i o n  o f  t h e  U n i t e d  Nations  (FAQ) 
e s t a b l i s h e d  th e  fo l lowing  m ic ro b io lo g ica l  c r i t e r i a  fo r  powdered i n f a n t  
f o r m u l a e  : APC ri = 5 , ^  = 2 , n i s  1q3 and ^  = 105. I t  seems reasonab le  
t o  s u g g e s t  t h a t  th e  c r i t e r i a  fo r  e n t e r a l  feeds  should be as s t r i c t  as 
th ose  fo r  i n f a n t  f o r m u la e  and ,  u s i n g  t h e  FAQ c r i t e r i a ,  a l l  o f  t h e  
u n i t s  o f  Complan and B u i ld -U p  e q u a l l e d  o r  exceeded th e  na va lue  and 
c o u l d  be c o n s i d e r e d  t o  be o f  m a r g i n a l  q u a l i t y .  Also, a l though th e  
ICMSF recommendations a re  s p e c i f i c a l l y  fo r  ' s p e c i a l  foods fo r  consumer 
groups wi th  in c reased  s u s c e p t i b i l i t y '  and inc lude  ' food fo r  h o s p i t a l s '  
(ICMSF 1974), th e  major problem with e n t e r a l  f e e d s  i s  t h e  f a c t  t h a t  
t h e  f e e d  i s  kept a t  ward tem pera ture  vrtiile being admin is te red  and may 
a l so  be l e f t  a t  ward tem pera tu re  (o r  even put o n to  t h e  t o p  o f  a warm 
meal t r o l l e y )  f o r  e x t e n d e d  p e r i o d s  d u r i n g  t r a n s p o r t  from th e  d i e t  
k i t c h e n  to  the  ward (Anon 1982, Gibbs 1983). T h e r e f o r e ,  t h e  r e s u l t s  
o f  t h e  exper iment i n  which feeds  and feed c o n s t i t u e n t s  were incubated  
a t  4,  25 o r  37°C fo r  up to  24h, may g ive  a more accu ra te  i n d i c a t i o n  of  
t h e  numbers o f  b a c t e r i a  r e c e i v e d  by th e  p a t i e n t .  A f te r  8h a t  25®C, 
c o u n t s  had reached 10^ -  10^ and a f t e r  24h, 107 -  10® organisms ml"1.  
I t  may a l s o  be a rg u ed  t h a t  t h e  o r g a n i s m s  i d e n t i f i e d  a r e  a e r o b i c  
spore formers  and S ta p h , a lb u s  and t h e r e f o r e  ’ non-pa thogen ic ' ,  however, 
p r e s u m p t i v e  JB. c e r e u s  o r g a n i s m s  were  i s o l a t e d  from a l l  s ix  of the  
c o n t a m i n a t e d  p r o d u c t s  ( B u i ld - U p ,  C a s i l a n ,  Complan, E n t e r a l  400 ,  
Maxipro  and T r i o s o r b o n )  and Bastow £ l .  (1982) have re p o r te d  th e  
p resence  of  B. cereus  i n  Complan,
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S i n c e  3 .6  x 10^ JB. c e r e u s  o r g a n i s m s  g“  ^ o f  food have  been 
r e p o r t e d  to  cause food poisoning symptoms in  h e a l t h y  a d u l t s  (Goepfert  
a t  _al. 1972) ,  th e  p o t e n t i a l  hazard to  compromised p a t i e n t s  i s  obvious .  
The i s o l a t i o n  o f  B a c i l l u s  spp .  i n c l u d i n g  c e r e u s  from f e e d s  
co n ta in in g  milk or whey p r o t e in s  i s  not unexpected s ince  ce reus  can 
s u r v i v e  p a s t e u r i s a t i o n  (Hobbs and C h r i s t i a n  1973) and both JB. ce reus  
and _E. c o l i  have been found in  s p ra y -d r i e d  skim milk (Thomson, Harmon 
and S t i n e  1978).
In  a r e v i e w  o f  t h e  r o l e  o f  _B. cereus  and o th e r  B a c i l lu s  spp. in  
food  p o i s o n i n g  and o t h e r  c l i n i c a l  i n f e c t i o n s ,  G i lb e r t  ^  _al. (1981) 
n o t  o n ly  e m p h as i s e  t h e  im p o r ta n c e  of  JB. cereus  but a l so  d i s c u s s  the  
i n c r e a s i n g  a c c u m u l a t i o n  o f  e v i d e n c e  t h a t  l i c h e n i f o r m i s  and _B. 
s u b t i l i s  a c t  a s  food po isoning  a gen ts .  Also, th e  au tho rs  r e p o r t  t h a t  
a l l  t h r e e  o f  t h e s e  o r g a n i s m s ,  t o g e t h e r  w i th  s p e c i e s  such  as  _B. 
c i r c u l a n s , B.  r o a c e r a n s , _B. p u m i lu s  and B.  s p h a e r i c u s , have  been  
r e p o r t e d  as capable  of  a c t i n g  as o p p o r t u n i s t i c  pathogens to  c l i n i c a l l y  
compromised h o s t s .
An o rgan ism  o f  t h e  B,  sphae r icus  -  b re v i s  group was th e  main
o rg a n i sm  i s o l a t e d  from T r i o s o r b o n .  T h i s  feed i s  used fo r  p a t i e n t s  
w i th  m a l a b s o r p t i o n  syndrome, i n f l a m m a to r y  bowel d i s e a s e ,  
g a s t r o - i n t e s t i n a l  f i s t u l a e  and l i v e r  d i s e a s e  (Merck L t d . ) ,  a l l  of  
which c o n d i t i o n s  a r e  l i k e l y  t o  make t h e  p a t i e n t s  p a r t i c u l a r l y  
s u s c e p t i b l e  to  i n f e c t i o n .
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Concern  a b o u t  a c c e p t a b l e  l e v e l s  o f  m i c r o b i a l  con tam inat ion  in  
n o n - s t e r i l e  p h a r m a c e u t i c a l  p r o d u c t s  ha s  l e d  t o  t h e  p r o p o s a l  o f  
m i c r o b i o l o g i c a l  g u i d e l i n e s  fo r  th e se  p ro d u c ts .  For o r a l  l i q u i d s  i t  i s  
s u g g e s t e d  t h a t  t h e  t o t a l  v i a b l e  count should not exceed 10^ c fu  ml-1 
(T. Munton 1984; p e r s .  comm.).  L e v e l s  o f  d o sag e  o f  t h e s e  l i q u i d s  
r a n g e  from 5 t o  20ml w h e rea s  p a t i e n t s  r e c e i v i n g  n a s o - g a s t r i c  tube  
feeds  r e c e iv e  up t o  f i f t y  t im es  t h i s ,  v i z .  500 -  1000ml. There fore  a t  
l e a s t  e q u a l l y  s t r i c t ,  o r  s t r i c t e r  l i m i t s  would be a p p r o p r i a t e  f o r  
e n t e r a l  f e ed s .  I d e a l l y ,  h o s p i t a l  B ac te r io lo g y  Departments should make 
q u a l i t y  checks on a l l  b a tch es  of  d r i e d  p roduc ts  in tended  f o r  i n c l u s i o n  
i n  e n t e r a l  feeds  and only s t e r i l e  i n g r e d i e n t s  should be used i n  f e e d s  
t o  be g i v e n  t o  p a r t i c u l a r l y  s u s c e p t i b l e  p a t i e n t s  such as t h o s e  i n  
i n t e n s i v e  care  u n i t s  and t h o s e  whose n a t u r a l  r e s i s t a n c e  i s  lo w e re d  
e i t h e r  by i n f e c t i o n  or c l i n i c a l  t r e a tm e n t .
The r e s u l t s  o f  t h i s  s tudy on e n t e r a l  feeds  and of  those  by Bastow 
ejb ( 1982) and Gibbs (1983) i n d i c a t e  t h a t  i t  should not be assumed
t h a t  " a l l  feeds  a re  packed s t e r i l e '  as s t a t e d  by Hanes (1983).
7 .3  CONTAMINATION OF ENTERAL FEEDS DURING ROUTINE HOSPITAL USE
The l e v e l s  o f  c o n ta m in a t i o n  recorded  i n  t h i s  s tudy which ranged 
from 4 , 5  x 10^ t o  2 . 2  x 1q3 c f u  ml~^ o f  r e s i d u a l  feed a re  q u i t e  low 
when compared with the  r e s u l t s  from s t u d i e s  i n  o t h e r  h o s p i t a l s .  For 
e x am p le ,  i n  a f o u r  week s u r v e y  o f  an I n t e n s i v e  Care U n i t  (ICU) 
(Casewell  and P h i l l i p s  1978a),  32 (68$) out of  47 n a s o - g a s t r i c  f e e d s
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were found t o  be contaminated with  up to  10^ k l e b s i e l l a e  m l ' l .  In a 
f u r t h e r  t h r e e  month survey samples of  13 milk shakes and d i e t a r y  m i lk  
a l l o w a n c e s ,  8 i c e - c r e a m s  and 23 n a s o - g a s t r i c  feeds  were examined and 
k l e b s i e l l a e  were i s o l a t e d  from 77$ o f  t h e s e  i t e m s  (C asew e l l  and 
P h i l l i p s  1 9 7 8 b ) .  S u b s e q u e n t l y ,  C asew e l l  _et (1981) de tec ted  105 
-1 0 ^  mixed c o l i f o r m s  ml-1 i n  n a s o - g a s t r i c  f e e d s  i n  an ICU and 
P o t t e c h e r  ^  . (1979) r e p o r te d  counts  of 10^ -  10^ organisms ml"1 in
f e e d s  g i v e n  t o  p a t i e n t s  i n  a n o t h e r  ICU. The lo w e r  l e v e l s  o f  
c o n t a m i n a t i o n  r e c o r d e d  a t  t h e  Glasgow W es te rn  I n f i r m a r y  may be 
e x p l a i n e d  by t h e  f a c t  t h a t  o n ly  t h e  s t e r i l e  com m erc ia l ly  prepared 
feeds  Ensure,  Nu t raux i l  and I s o c a l  a re  used in  t h e  I n t e n s i v e  Therapy  
U n i t  (ITU) of  the  Glasgow Western In f i rm a ry .  Also, over the  per iod  of 
t h i s  s tudy th e  only i n g r e d i e n t  added to  t h e  feeds  was s t e r i l e  w a t e r ,  
and b e c a u s e  of  t h e  c a r e  t a k e n  in  th e  p r e p a ra t io n  of  th e se  feeds  any 
contamination occu r r in g  dur ing mixing was very low when compared w i th  
t h e  r e s u l t s  r e p o r t e d  by C asew e l l  ^ t  a l . ( 1 9 8 I )  and Bastow e t  a l .  
( 1982 ) .
I t  was a l s o  s t a n d a r d  p r a c t i c e  in  the  ITU of  the  Glasgow Western 
In f i rm ary  to  use a new s t e r i l e  n u t r i e n t  co n ta in e r  and g iv ing  s e t  each 
t im e  a new s u p p ly  o f  feed  was g i v e n  to  a p a t i e n t  and t h e  r e s u l t s  
p resented  in  Ch. 5 .2 .3  i n d i c a t e  t h a t  t h i s  procedure he lp s  t o  m in im ize  
t h e  growth o f  contaminants .
On one o c c a s i o n ,  s t r a i n s  o f  Cand . a l b i c a n s  w i t h  t h e  same 
a n t i b i o t i c  r e s i s t a n c e  p a t t e r n s  were i s o l a t e d  from th e  g a s t r i c  a s p i r a t e
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o f  a p a t i e n t  ( P a t i e n t  1) and subsequent ly  from th e  r e s i d u a l  feed in  
both th e  n u t r i e n t  c o n ta i n e r  and g i v i n g  s e t  o f  a d i s c a r d e d  f e e d i n g  
s e t .  C asew e l l  and P h i l l i p s  ( 1978a,b) demonst rated t h a t  food s t r a i n s  
correspond to  those  i s o l a t e d  frcm in f e c t e d  p a t i e n t s  when in  a s tudy of  
an ICU w i t h  hyperendemic k l e b s i e l l a  i n f e c t i o n  t h e r e  was a c o r r e l a t i o n  
between food, f a e c a l  and p a t i e n t  c l i n i c a l  i s o l a t e s  o v e r  a f o u r -w e e k  
p e r i o d .  In  a n o t h e r  h o s p i t a l .  S h o o t e r  _e^ ( 1969) found Ps
a e r u g i n o s a  i n  29 o u t  o f  378 i t e m s  o f  food d e s t i n ed  fo r  p a t i e n t s  in  
wards  i n  which th e  f a e c a l  c a r r i a g e  r a t e  o f  Ps aerug inosa  was high and 
where  p a t i e n t s  tended to  c a r ry  th e  same s t r a i n .  Subsequently . c o l i  
was found (Cooke ^1^. 1970) c o n t a m i n a t i n g  63 out of  873 i tems of  
h o s p i t a l  f o o d ,  and food s t r a i n s  a p p e a re d  i n  t h e  s t o o l s  o f  f i v e  
p a t i e n t s  fo l lowing  i n g e s t i o n ,  Cooke e t  a l . (1969) sugges ted t h a t  the  
food  s t r a i n s  might account fo r  th e  changing c o l i  f l o r a  r e p o r t e d  i n  
p a t i e n t s  i n  t h e  same w ard .  More r e c e n t l y  C asew e l l  ,®t (1981)
d e s c r i b e d  a p a t i e n t  who acquired  sep t i caem ia  with  E n t . c loacae  from a 
c o n t a m i n a t e d  e n t e r a l  feed .  U nfor tuna te ly  i t  was not p o s s ib l e  to  ca r ry  
out f u r t h e r  s tu d i e s  on th e  f e e d s  g i v e n  t o  P a t i e n t  1 a s  t h e  p a t i e n t  
l e f t  t h e  ITU s h o r t l y  a f t e r  th e  feed contaminated with Cand. a lb ic a n s  
was examined.
The i s o l a t i o n  o f  a number o f  Gram n e g a t i v e  b a c t e r i a  in c lu d in g  
A c in e to b . c a lc o a c e t i c u s  v a r .  a n i t r a t u s , K» a e rogenes , jC. oxy tooa , E n t . 
s a k a z a k i i  and A lca l igenes  spp. from th e  r e s i d u a l  feeds  was a cause  fo r  
c o n c e r n  s i n c e  i t  i n d i c a t e d  a p o t e n t i a l  hazard t o  the  p a t i e n t .  In a 
u n i t  where l e s s  care  i s  taken  in  th e  handl ing  and r e p l a c e m e n t  o f  t h e
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f e e d i n g  s e t s ,  r a p i d  m u l t i p l i c a t i o n  o f  t h e s e  o rgan ism s  could occur 
(Bas tow  _ot 1 9 8 2 ) .  Although the  numbers of organisms de tec ted  in
t h i s  s t u d y  were ^1 0 3  ml"1 i t  i s  p e r t i n e n t  to  add t h a t  in  a s tudy 
i n t o  the  r o l e  of s a l a d s  as a source  of p o t e n t i a l  p a t h o g e n s  Remington 
and S c h im p f f  (1981)  s t a t e d  t h a t  ’ f o r  t h e  p a t i e n t  w i t h  r e d u c ed  
r e s i s t a n c e  t o  c o l o n i z a t i o n  due t o  t h e  s y s t e m i c  a d m i n i s t r a t i o n  o f  
a n t i m i c r o b i a l s ,  1g o f  s a l a d  w i th  103 Gram-negative rods  i s  probably  
s u f f i c i e n t  t o  l e a d  t o  p e r s i s t e n t  c o l o n i z a t i o n  o f  t h e  i n t e s t i n a l  
t r a c t ’ .
I t  may a l s o  be a rg u e d  t h a t  the  main organisms i s o l a t e d  from the  
r e m a i n i n g  f e e d s  were B a c i l l u s  spp. and a re  t h e r e f o r e  n o n -pa thogen ic . 
However,  once a g a i n  i t  must  be em p h as i sed  t h a t  a number of  au tho rs  
hav e  r e p o r t e d  t h a t  organisms of  th e  genus B a c i l lu s  can cause  s e r io u s  
i n f e c t i o n s  i n  c l i n i c a l l y  compromised p a t i e n t s  ( F a r r a r  1963, Pearson 
1 9 7 0 , Idhe and Armstrong 1973, Von G raveni tz  1977, Tuazon e ^ 1979,  
G i l b e r t  1981).
The r e s u l t s  o f  t h i s  s tudy showed t h a t  contaminat ion  of  t h e  feeds  
occurred even when th e  s t e r i l e  feed was t r a n s f e r r e d  d i r e c t l y  from t h e  
can or b o t t l e  t o  t h e  s t e r i l e  n u t r i e n t  c o n ta i n e r ,  whereas Bastow e t  a l .
 ^ ( 1982 ) repo r ted  t h a t  t h e r e  was no con tam inat ion  of  th e  feed during th e
procedure  of f i l l i n g  th e  n u t r i e n t  c o n t a i n e r s .  P o s s i b l e  r e a s o n s  f o r  
t h e s e  a p p a r e n t l y  c o n t r a d i c t o r y  r e s u l t s  may i n c l u d e  t h e  f a c t  t h a t  
a l t h o u g h  th e  n u t r i e n t  c o n ta i n e r s  sampled by Bastow ^ot were f i l l e d  
on t h e  w ard ,  t h e y  were p a r t  o f  a s p e c i a l  s t u d y  i n  which i t  seems
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l i k e l y  t h a t  p a r t i c u l a r  c a re  would have been taken  with t h i s  procedure  
as compared to  th e  r o u t i n e  handl ing  o f  t h e s e  f e e d s  on a busy ITU i n  
t h e  Glasgow W es te rn  I n f i r m a r y .  I t  s h o u ld  a l s o  be n o te d  t h a t  no 
contamination was d e t e c t e d  i n  t h e  n u t r i e n t  c o n t a i n e r s  f i l l e d  w i th  
s t e r i l e  feed  d u r i n g  t h e  s t u d i e s  of th e  growth o f  micro-organisms in  
e n t e r a l  feeds  under s imula ted  ward c o n d i t io n s  desc r ibed  in  Ch. 5 . 2 . 3 .  
Thus ,  un d e r  c a r e f u l l y  c o n t r o l l e d  e x p e r i m e n t a l  c o n d i t i o n s  i t  i s  
p o s s ib l e  to  avoid contaminat ion  of t h e  f e e d s  w hereas  t h i s  i s  n o t  so  
e a s y  f o r  n u r s i n g  s t a f f  on a busy ward. This view i s  confirmed by the  
f i n d i n g s  o f  S c h r o e d e r  _et ( 1983) who, i n  an e v a l u a t i o n  o f  th e
p r o c e d u r e s  f o r  c a r e  and p r e p a r a t i o n  o f  feed ing  s o l u t i o n s ,  observed 
much h ighe r  contaminat ion  r a t e s  under c o n d i t io n s  of a c tu a l  use than  i n  
a c a r e f u l  s im u la t io n .
7 .4  EXPERIMENTAL CONTAMINATION OF ENTERAL FEEDS
In  t h e  s t u d y  o f  t h e  g rowth  o f  b a c t e r i a  i n  C l i n i f e e d  ISO, 
T r i o s o r b o n ,  Vivonex S t a n d a r d  and Vivonex HN under  l a b o r a t o r y  
c o n d i t i o n s ,  m u l t i p l i c a t i o n  o f  a l l  t h e  t e s t  o rg an ism s  to  l e v e l s  in  
excess  o f  10^ organisms ml"^ o f  feed w i th in  8h was observed both a t  25 
and 37°C i n  C l i n i f e e d  ISO and Tr iosorbon.  S im i la r  r e s u l t s  have been 
r e p o r t e d  by Furtado e t  a l . (1980) and Simmons (1981) i n  s t u d i e s  on the  
m u l t i p l i c a t i o n  o f  b a c t e r i a  i n  Osmolite and a Complan-based home-made 
f e e d .  Also i n  s t u d i e s  by Fagerman a l .  (1984)  and Paauw e t  a l .  
( 1 9 8 4 ) ,  s i m i l a r  r a t e s  o f  g row th  were  r e c o r d e d  f o r  E n t . c l o a c a e  
o r g a n i s m s  i n o c u l a t e d  i n t o  sam ples  o f  E n s u r e ,  T r a v a s o r b  and V i t a l  
e n t e r a l  feeds held a t  22 .4^0,
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The c o u n t s  f o r  a l l  t h e  t e s t  s t r a i n s  i n  a l l  the  feeds  remained 
f a i r l y  c o n s t a n t  a t  10^ -  103 ml"1 over  24h a t  4°C, and comparison of  
t h e s e  f i g u r e s  w i t h  th o se  recorded  a t  25®C demonst ra te  th e  importance 
of s t o r i n g  prepared  feeds  in  a r e f r i g e r a t o r .
H a l f - s t r e n g t h  Vivonex a l s o  p rov ided  an e x c e l l e n t  growth medium 
f o r  t h e  t e s t  s t r a i n s ,  w i t h  t h e  e x c e p t i o n  o f  S t a p h . a u r e u s , counts  
a f t e r  8 and 24h a t  25 and 37^C being only s l i g h t l y  l e s s  than  th o se  in  
C l in i f e e d  ISO, poss ib ly  because of  th e  lower pH (5 .5 )  o f  Vivonex. The 
n o t i c e a b l e  i n h i b i t i o n  o f  S ta p h , aureus  might be expla ined  by th e  low 
pH, t h e  h igh  c o n c e n t r a t io n  of g lucose  s o l i d s  and the  presence  o f  both 
s o rb a te  and a c e t a t e  in  th e  f o r m u l a t i o n .  S ch m id t ,  Gould and W eise r  
( 1 9 6 9 ) found t h a t  Img s o r b a t e  g“  ^ was e f f e c t i v e  in  p reven t ing  the  
growth of  S tap h , aureus  i n  a r t i f i c i a l  cream p ie s  a c i d i f i e d  to  pH 4.5  -  
5 . 0 .  Vivonex has  a pH o f  5 .5  and a t  h a l f - s t r e n g t h  c o n ta in s  0.25 mg 
potass ium so rb a te  ml"T.
Also  i n  a s t u d y  o f  p e r i t o n e a l  d i a l y s i s  s o l u t i o n s ,  Zacher le  and 
Charache (1970) found t h a t  the  f a c t o r s  a s s o c ia t e d  with th e  i n h i b i t i o n  
o f  S ta p h , aureus were low pH, a c e t a t e  and d e x t ro se ,  maximum i n h i b i t i o n  
be ing caused by a combination of  a l l  t h r e e  f a c t o r s .
In  s t u d i e s  t o  examine t h e  e f f e c t s  o f  t i m e ,  t e m p e r a t u r e  and 
p r e s e r v a t i v e  on b a c t e r i a l  g rowth  i n  e n t e r a l  n u t r i e n t  s o l u t i o n s ,  
Fagerman _e_t (1984) and Paauw e t  a l . (1984) showed t h a t  growth was 
i n h i b i t e d  by potassium s o r b a t e .  They added 0.036 o r  2.0$ by weight of
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p o t a s s i u m  so rb a te  to  Travasorb ,  in o c u la ted  the  s o lu t io n s  with  5 x 103 
E n t . c l o a c a e  o rg a n i s m s  ml” ’* and i n c u b a t e d  them a t  22.4°C f o r  12h. 
A f t e r  t h i s  t ime they  found t h a t  th e  b a c t e r i a l  growth r a t e  was reduced 
by 70 and 90$ r e s p e c t i v e l y  as  compared w i th  a c o n t r o l  sam ple  o f  
T r a v a s o r b  c o n t a i n i n g  no p r e s e r v a t i v e .  They suggested t h a t  a l though 
potassium so rb a te  i s  n o rm a l ly  used  as  a f u n g i s t a t i c  a g e n t ,  i t  a l s o  
appears  to  have a broad-spectrum b a c t e r i o s t a t i c  a c t i o n .  This has a lso  
been repo r ted  by Robach (1980) and Sinskey (1980).  However, i t  should  
be em p h as i sed  t h a t  i n  t h e  p r e s e n t  s t u d y  a l l  o f  t h e  t e s t  organisms 
except S taph , aureus  m u l t i p l i e d  r a p i d l y  in  h a l f - s t r e n g t h  Vivonex which 
con ta ined  0.25mg potassium so rb a te  ml” ”*.
The l a c k  o f  g row th  o f  a l l  t h e  t e s t  o rg a n i s m s  a t  25®C i n  f u l l  
s t r e n g t h  Vivonex over th e  f i r s t  8h o f  th e  s tudy was probably  due t o  a 
c o m b i n a t i o n  o f  low pH, h ig h  o s r a o l a r i t y ,  t h e  i n h i b i t o r y  e f f e c t  of  
potassium so rb a te  and an in cu b a t io n  temperature  below th e  optimum of  
t h e s e  o rgan ism s .  Fagerman e t  a l . (1984) and Paauw e t  a l .  (1984) a l so  
r e p o r t e d  t h a t  t h e  g row th  o f  E n t . c loacae  a t  22.4°C was i n h i b i t e d  in  
Vivonex. The in c r e a s e  i n  numbers of Ps aerug inosa  from 1o3 to  10^ c fu  
m l” ”* be tween  8 and 24h r e f l e c t s  t h i s  o r g a n i s m ' s  t o l e r a n c e  o f  
u n f a v o u r a b l e  g row th  c o n d i t i o n s .  At 37°C Ps a e r u g in o sa , aerogenes  
and E n t . c l o a c a e  a l l  grew w e l l  i n  f u l l  s t r e n g t h  Vivonex in  s p i t e  o f  
t h e  low pH, h ig h  o s ra o la r i ty  and th e  presence  of  potassium s o rb a te  i n  
t h e  p r o d u c t ,  w h e rea s  S ta p h , aureus  and _E. c o l i  showed l i t t l e  growth. 
The b a c t e r i o s t a t i c  e f f e c t  of  potassium s o rb a te  claimed by Fagerman ^  
a l ,  ( 1984) and Paauw e t  a l .  (1984) should  t h e r e f o r e  be t r e a t e d  with
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c a u t i o n ,  s i n c e  t h e s e  au tho rs  only r e p o r t  having t e s t e d  the  e f f e c t  of 
p o t a s s i u m  s o r b a t e  on one o rg an ism  ( E n t . c l o a c a e ) and a t  one 
tem pera tu re  (22.4°C).
The l a c k  o f  g row th  o f  a l l  organisms in  f u l l  s t r e n g t h  Vivonex HN 
can be a t t r i b u t e d  to  th e  high o sm ola r i ty  o f  t h i s  feed (800 m osm 1 "”*). 
S i m i l a r  r e s u l t s  were r e p o r te d  by Furtado _et ( 198O) and H o e s t e t l e r  
ejt ( 1982) and S t a n e k  _eÎL (1963)  showed t h a t  the  growth of a
v a r i e t y  o f  b a c t e r i a l  s t r a i n s  was i n h i b i t e d  in  an e lementa l  d i e t  with 
an o sm ola r i ty  o f  580 m osm 1"1.
The p r e s e n c e  o f  a e r o b i c  sporeforming b a c i l l i  as  contaminants  in  
T r i o s o r b o n  and t h e i r  r a p i d  m u l t i p l i c a t i o n  a t  both 25 and 37^C i s  of 
c o n c e r n  s i n c e ,  as  p r e v io u s ly  s t a t e d ,  G i l b e r t  ^et ( 1981) sugges ted  
t h a t  a number o f  B a c i l l u s  spp, can cause o p p o r t u n i s t i c  i n f e c t i o n s  i n  
compromised h o s t s  and t h a t  some may a l so  be capable  of caus ing  food 
po isoning .
The r e s u l t s  of  t h i s  p a r t  of th e  s tudy emphasize th e  importance of 
s t r i c t  m ic ro b io lo g ica l  q u a l i t y  c o n t r o l  o f  i n g r e d i e n t s  and s t r i n g e n t  
h y g i e n i c  p r e c a u t i o n s  d u r i n g  t h e  p r e p a r a t i o n  and h a n d l i n g  o f  a l l  
e n t e r a l  fe e d s ,  s in ce  b a c t e r i a  have been shown t o  su rv iv e  and m u l t i p l y  
i n  f e e d s  w i th  low pH and h ig h  o s m o l a r i t y  as  w e l l  as  i n  n e u t r a l ,  
i s o t o n i c  f eed s .
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V a r io u s  e s t i m a t e s  have been made of  the  number o f  b a c t e r i a  t h a t  
need to  be inges ted  fo r  bowel c o l o n i s a t i o n  to  o c c u r ,  bu t  a number o f  
a u t h o r s  have repo r ted  t h a t  in  hea l th y  v o lu n te e r s  th e  i n g e s t i o n  of 10^ 
-  1q6 JB. c o l i , K l e b s i e l l a  spp. or Pseudomonas spp. organisms produced 
d e t e c t a b l e  f a e c a l  c o u n t s  (Buck and Cooke 1969, Montgomerie e t  a l .  
1 9 7 0 , S h o o t e r  £_t 1 9 7 1 ) .  S u b s e q u e n t l y ,  P o t t e c h e r  £ t  (1979)
s u g g e s t e d  t h a t  10^ organisms ml“ 1 o f  feed a re  s u f f i c i e n t  t o  c o lo n is e  
th e  d i g e s t i v e  t r a c t  of h o s p i t a l  p a t i e n t s .  In th e  p re l im in a ry  s tudy  o f  
t h e  g row th  o f  _E. c o l i  and S t a p h . a u r e u s  i n  e n t e r a l  f e e d s  u nde r  
s i m u l a t e d  ward c o n d i t i o n s  i t  was found t h a t  a l e v e l  of  10^ organisms 
ml“ 1 was r e a c h e d  i n  8h in  both C l in i f e e d  ISO and N u t r i e n t  Broth No.2 
i n  th e  n u t r i e n t  c o n ta i n e r s  and in  l e s s  th a n  4h in  th e  r e c i p i e n t  f l a s k s  
when t h e  i n i t i a l  i n o c u l a  were  10^ c f u  ml” 1. This i n i t i a l  l e v e l  of 
contaminat ion  might appear t o  be r a t h e r  h ig h  u n t i l  t h e  f i n a l  c o u n t  
( a f t e r  8h) of 10^ -  10^ c fu  ml” 1 in  t h e  r e s i d u a l  feed in  th e  n u t r i e n t  
c o n t a i n e r  i s  compared with  p rev io u s ly  re p o r te d  numbers of organisms i n  
r e s i d u a l  f e e d s  i n  n u t r i e n t  c o n t a i n e r s  e . g .  1q5 -  lO^ ml"1 (Fason 
1 9 6 7 ) ,  1q6 ml“ 1 ( C a s e w e l l  1 9 7 9 ) ,  10^ -  iq9 ml“ 1 ( P o t t e c h e r  e t  a l .  
1979) and 10^ -  IQIO m l"”* (Bastow e t  a l .  1982).
E n t e r o t o x i n  p roduc t ion  by b a c t e r i a  m u l t ip ly in g  i n  th e  feed could 
a l s o  c a u s e  food p o i s o n i n g .  B e rgdo l l  (1973) and R e ise r  e t  a l .  (1974) 
c o n s i d e r e d  t h a t  t h e  c o n su m p t io n  o f  l e s s  than 1 ^g of  s tap hy lococca l  
e n t e r o to x in  might be s u f f i c i e n t  t o  produce food poisoning  symptoms and 
Hobbs ( 1962 ) r e p o r te d  t h a t  t h e  number o f  organisms needed i s  5 x  10^ -  
1 X  106 g-1 o f  f o o d .  The feed ing  of  v o lu n te e r s  with se ro ty p es  of E.
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c o l l  a s so c ia te d  with  i n f a n t  d i a r rh o e a  produced food poisoning  symptoms 
i n  h e a l t h y  a d u l t s  a t  l e v e l s  of  10^ -  10^ organisms (Ferguson and June 
1 952, J u n e ,  F e rg u so n  and W a i f e l  1953, Wentworth ^  a l .  1956).  The 
s e v e r i t y  of the  i n t o x i c a t i o n  i s  known to  be in f luenced  by the  type and 
number o f  E, c o l i  organisms and th e  age and p h y s ica l  co n d i t io n  of  the  
p e r s o n ,  newborn b a b i e s  b e i n g  p a r t i c u l a r l y  s u s c e p t i b l e  (Ayres,  Mundt 
and Sandine 1980),
I n  t h e  p r e s e n t  s t u d y  a t o t a l  o f  10^ c fu  ml” 1 was p re s e n t  in  the  
r e c i p i e n t  f l a s k  w i t h i n  6h fo r  both S ta p h , aureus  and c o l i . These 
c o u n t s  r e f l e c t  th e  e f f e c t  of  body tem pera tu re  upon th e  m u l t i p l i c a t i o n  
of b a c t e r i a  in  th e  p a t i e n t ,  a l though o t h e r  f a c t o r s ,  e . g .  s tom ach  pH 
and enzymic a c t i v i t y  may adverse ly  a f f e c t  th e  r a t e  o f  m u l t i p l i c a t i o n .
However, many p a t i e n t s  on n a s o g a s t r i c  f e e d s  a r e  t r e a t e d  w i th  
a n t a c i d s  o r  c im e t id in e  which r a i s e s  th e  pH o f  t h e  stomach from 2 .0  t o  
approx imate ly  5.5 (du Moulin _et 1982). This favours  th e  growth o f  
b a c t e r i a  and i n h i b i t s  t h e  a c t i o n  o f  p e p s i n  on s t a p h y l o c o c c a l  
e n t e r o to x in s  (Bergdoll  1970).
Thus t h e  p r e l i m i n a r y  p a r t  o f  t h i s  i n v e s t i g a t i o n  demonst rated  
t h a t  r ap id  m u l t i p l i c a t i o n  of b a c t e r i a  occurred i n  b o th  C l i n i f e e d  ISO 
and N u t r i e n t  B ro th  N o .2 u n d e r  s i m u l a t e d  ward c o n d i t io n s  i n d i c a t i n g  
t h a t  C l i n i f e e d  ISO a c t s  as  a good b a c t e r i a l  c u l t u r e  medium. An
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i n i t i a l  inocu lum of  a p p r o x i m a t e l y  10^ c f u  ral” 1 r e s u l t e d  i n  t h e  
c r i t i c a l  l e v e l  o f  10^ c f u  ml“ 1 o f  S t a p h . a u r e u s  o r  _E. c o l i  be ing 
r e a c h e d  w i t h i n  6h in  th e  r e c i p i e n t  f l a s k s .  I t  can be p re d ic ted  t h a t  
even w i th  lower  l e v e l s  o f  c o n t a m i n a t i o n  and a l l o w i n g  f o r  t h e  
c o n t r o l l i n g  i n f l u e n c e  o f  s tomach pH and o t h e r  a n t i b a c t e r i a l  
c o n d i t i o n s ,  t h e  c r i t i c a l  number o f  1 0  ^ c f u  m l*”* c o u ld  be reached  
w i t h i n  t h e  8 - 1 2h p e r i o d  o v e r  which such f e e d s  a r e  commonly 
adm in is te red  to  p a t i e n t s .
S i m i l a r  r e s u l t s  were  o b t a i n e d  over the  f i r s t  8h o f  experiments 
designed to  s tudy the  e f f e c t  o f  v a r i o u s  h a n d l i n g  p r o c e d u r e s  on t h e  
r a t e  o f  b a c t e r i a l  m u l t i p l i c a t i o n  during the  per iod  of  a d m in i s t r a t i o n  
o f  e n t e r a l  f e e d s .  In  a l l  e x p e r i m e n t s  i t  was found t h a t  i n i t i a l  
con tam inat ion  o f  the  feed with  10^ -  1o3 organisms ml*”* y ie lded  counts  
o f  up to  1q6 organisms ml"”* i n  the  feed in  th e  r e c i p i e n t  f l a s k s  w i th in  
6h,  A lso ,  i t  was found t h a t  r e f i l l i n g  t h e  n u t r i e n t  c o n t a i n e r s  
( C l i n i f  eed ing  System 3 r e s e r v o i r s )  with  s t e r i l e  feed over a per iod  of 
2 4h gave  b a c t e r i a l  m u l t i p l i c a t i o n  to  l e v e l s  o f  10® organisms ml"1 i n  
t h e  f e e d  i n  t h e  n u t r i e n t  c o n t a i n e r s  a f t e r  24h, counts  of 10  ^ -  10? 
o r g a n i s m s  m l " ”* b e i n g  ob ta ined  in  the  feed in  the  n u t r i e n t  c o n ta in e r s  
a f t e r  o n ly  l 6 h .  Counts  o f  1 o3 -  10^ o rg a n i s m s  m l " ”* r e c o r d e d  on 
samples of  feed taken  from th e  n u t r i e n t  c o n ta in e r s  immedia te ly  a f t e r  
t h e y  had been r e f i l l e d  a t  8h d e m o n s t r a t e  t h a t  t h e  r e s i d u e  o f  
contaminated feed ac ted  as an inoculum f o r  t h e  s t e r i l e  f e e d  used  t o  
r e f i l l  the  c o n ta i n e r s .  In a s im i l a r  study in to  t h e  e f f e c t  o f  r e f i l l i n g
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n u t r i e n t  c o n t a i n e r s  o v e r  24h c a r r i e d  ou t  by Bastow e t  £ l .  ( 1982 ) 
v i a b l e  c o u n t s  were a l s o  r e p o r t e d  t o  have  r i s e n  from 10^ t o  10® 
organisms ml” ”* a f t e r  24h.
In  t h e  p r e s e n t  s t u d y  i t  was found t h a t  th e  numbers of organisms 
i n  t h e  f e e d  in  th e  n u t r i e n t  c o n ta in e r s  a f t e r  24h were reduced to  10  ^
-  1q3 ml"1 when t h e y  were r e p l a c e d  w i th  new s t e r i l e  c o n t a i n e r s  
c o n ta in in g  s t e r i l e  feed in s t e a d  of t h e  o r i g i n a l  n u t r i e n t  c o n t a i n e r s  
b e in g  l e f t  in  s i t u  and r e f i l l e d  with  s t e r i l e  feed .  However, th e  f a c t  
t h a t  samples of feed taken  from t h e  8h replacement  n u t r i e n t  c o n ta i n e r s  
im m e d i a t e l y  a f t e r  t h e y  had been c o n n e c t e d  t o  t h e  sys tem  y i e l d e d  
c o u n t s  o f  up t o  101 o r g a n i s m s  ml"1 showed c o n c l u s i v e l y  t h a t  t h e  
c o n t e n t s  o f  t h e  r e p l a c e m e n t  c o n t a i n e r s  were s t i l l  becoming 
c o n t a m i n a t e d .  The o r g a n i s m s  were i n t r o d u c e d  i n t o  each replacement 
n u t r i e n t  c o n t a i n e r  on t h e  s u r f a c e  o f  t h e  c o n n e c t o r  s p i k e  and t h e  
i n t e r n a l  s u r f a c e  o f  th e  a i r  i n l e t  tube o f  th e  g iv ing  s e t  a t t a ch e d  to  
th e  new c o n ta i n e r .  Changing th e  g iv ing  s e t s  as w e l l  a s  t h e  n u t r i e n t  
c o n t a i n e r s ,  a p r o c e d u r e  recommended by many manufacturers  o f  e n t e r a l  
feed ing  systems, r e s u l t e d  in  no organisms being d e t e c t e d  i n  t h e  f e e d  
i n  t h e  n u t r i e n t  c o n t a i n e r s  a f t e r  t h e  f i r s t  8h o f  th e  exper iment .  
However, th e  a c tu a l  number of  organisms e n t e r in g  th e  p a t i e n t ' s  stomach 
o r  i n t e s t i n e  i s  shown n o t  by c o u n t s  on t h e  fe e d  i n  t h e  n u t r i e n t  
c o n t a i n e r ,  but by those  made on th e  feed c o l l e c t e d  from th e  end of t h e  
e n t e r a l  feeding tube .  Even when th e  g iv ing  s e t  and n u t r i e n t  c o n ta in e r  
were rep laced  a t  8 and I6h v i a b l e  organisms c o n t in u e d  t o  be d e t e c t e d  
i n  th e  feed flowing from th e  end of  the  e n t e r a l  feed ing  tube .
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S c h r o e d e r  ( 1983) have a lso  rep o r ted  a s i m i l a r  phenomenon
i n  a s i m u l a t e d  s t u d y  o f  m i c r o b i a l  c o n ta m in a t io n  of  e n t e r a l  feed ing  
s o l u t i o n s .  They f i l l e d  four n a s o - g a s t r i c  t u b e s  w i th  n u t r i e n t  b r o t h  
c o n t a i n i n g  10^ E n t e r o b a c t e r  organisms ml"1, clamped them, l e f t  them 
f o r  2h and th e n  u n d a m p e d  them and a t t a c h e d  them to  g i v i n g  s e t s .  
S t e r i l e  e n t e r a l  feed ing  s o l u t i o n  was then  run con t inuous ly  through th e  
t u b e s  a t  a r a t e  o f  60 ml h“ 1 f o r  24h and E n te ro b ac te r  organisms were 
d e t e c t e d  i n  samples taken  from th e  d i s t a l  end of  a l l  four  tubes  a t  0, 
12 and 24h.
The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  and t h a t  c a r r i e d  o u t  by 
S c h r o e d e r  £_t _ d , ( 1983) sugges t  t h a t  once th e  e n t e r a l  feed ing  tubes  
become c o n t a m i n a t e d  t h e y  r em a in  s o ,  and i t  i s  p o s s i b l e  t h a t  th e se  
tubes  become co lon ised  during c l i n i c a l  use .  Thus i t  i s  i m p o r t a n t  t o  
r e c o g n i s e  t h a t  when a p a t i e n t ' s  i n t o l e r a n c e  t o  an e n t e r a l  feed i s  
be ing in v e s t i g a t e d  or i f  i t  i s  suspec ted  t h a t  contaminants  in  th e  feed 
h ave  c o n t r i b u t e d  to  an i n f e c t i o n ,  then  simply monitor ing  th e  b a c t e r i a  
p re sen t  in  th e  feed in  th e  n u t r i e n t  c o n ta in e r  w i l l  n o t  be a d e q u a t e .  
B a c t e r i a  may be i s o l a t e d  from th e  e n t e r a l  feed ing  tube when none can 
be d e tec te d  in  th e  remainder of  th e  system.
The experiment to  examine the  e f f e c t  of  s topp ing  the  flow of  feed 
th ro u g h  t h e  sy s tem  showed t h a t  t h e  r a t e  o f  m u l t i p l i c a t i o n  o f  t h e  
o r g a n i s m s  i n  t h e  e n t e r a l  f e e d i n g  tube  was g r e a t e r  than  t h a t  of  th e  
o rg a n i s m s  i n  t h e  n u t r i e n t  c o n t a i n e r .  Th is  d i f f e r e n c e  can be 
a t t r i b u t e d  to  the  organisms in  t h e  tube being held  a t  37°C ( p a t i e n t ' s
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body t e m p e r a t u r e )  a s  opposed  t o  those  in  th e  n u t r i e n t  c o n ta i n e r  a t  
25®C (a m b ie n t  ward t e m p e r a t u r e ) .  This demonstrates  t h a t  i f  t h e  feed 
adm in is te red  i s  contaminated then  r a p i d  m u l t i p l i c a t i o n  o f  o r g a n i s m s  
w i l l  o c c u r  i n  t h e  e n t e r a l  feed ing  tube  i f  th e  system i s  s topped fo r  
an extended period of t im e .  P a r a l l e l s  can a l so  be drawn be tw een  t h e  
t u b i n g  used  i n  b e v e r a g e  v e n d in g  machines and e n t e r a l  f eed ing  tu b e s .  
P l a s t i c i s e d  PVC tub ing  i s  widely used in  th e  c o n s t r u c t i o n  of  v e n d in g  
machines and Burman and Colbourne (1977) s t a t e d  t h a t  d r in k s  from th e se  
machines may con ta in  f l a k e s  of m ic ro b ia l  growth encouraged by t h e  warm 
e n v i r o n m e n t  and th e  pe r iods  of  l i t t l e  or no flow. S im i l a r ly ,  e n t e r a l  
feed ing  tubes  a re  a t  t h e  p a t i e n t ' s  body t e m p e ra tu re  and flow o f  t h e  
feed may s top a c c i d e n t a l l y ,  due to  blockage of  th e  tube ,  or on purpose 
t o  r e s t  th e  p a t i e n t ’s d i g e s t i v e  system. During th e s e  pe r iods  th e  warm 
t e m p e r a t u r e  w i l l  e n c o u r a g e  t h e  m u l t i p l i c a t i o n  o f  any contaminat ing  
mic ro -o rgan ism s .
The r e s u l t s  of  the  exper iments  with  vary ing  numbers of  organisms 
i n  th e  inoculum i n d i c a t e  t h a t  with mean g e n e r a t i o n  t i m e s  o f  1 .2h i n  
t h e  n u t r i e n t  c o n ta i n e r  and 0 .5h  in  th e  " p a t i e n t ’ s stomach" ( r e c i p i e n t  
f l a s k )  then ,  t h e o r e t i c a l l y ,  even one organism in  a n u t r i e n t  c o n t a i n e r  
c o n t a i n i n g  1000 ml o f  feed could m u l t ip ly  and y i e l d  s u f f i c i e n t  t o t a l  
numbers t o  cause a c l i n i c a l  problem w i th in  I6h.  The d e t e c t i o n  of such 
a low number in  the  feed i s  im p r a c t i c a b le  and i t  may t h e r e f o r e  be more 
a p p ro p r ia t e  to  recommend t h a t  th e  hanging t ime of th e  feed i s  reduced.
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R e s u l t s  o f  the  s tudy of  the  f e a s i b i l i t y  of adding food co lour ing  
to  e n t e r a l  feeds  to  a c t  as i n d i c a t o r s  of m ic rob ia l  c o n ta m in a t io n  were 
i n c o n c l u s i v e .  In  t h e  f l a s k s  c o n ta in in g  Tr iosorbon p lus  the  azo dyes 
amaranth,  car raois ine ,  ponceau 4R, sunse t  yellow o r  t a r t r a z i n e ,  t h e r e  
was a n o t i c e a b l e  r e d u c t i o n  i n  c o l o u r  a f t e r  72h a t  25^0 .  The 
predominant micro-organism i s o l a t e d  a t  t h i s  t ime was a member o f  t h e  
jB. s p h a e r i c u s  -  B^ . b r e v i s  g roup  and the  v i a b l e  counts  in  a l l  f l a s k s  
were  1 o7 -  10^ o r g a n i s m s  ml""*. A s i m i l a r  r e s u l t  was o b t a i n e d  by 
Fagerman and Dean (1983).  They r e c o n s t i t u t e d  an un-named e l e m e n t a l  
d i e t  with  s t e r i l e  water in  an au toclaved  b lender ,  added an u n sp ec i f ie d  
q u a n t i t y  of  an un-named red co lo u r in g  m a t e r i a l ,  r e f r i g e r a t e d  t h e  f e e d  
f o r  24h and th e n  h e l d  i t  a t  room temperature  (u n sp ec i f ied )  f o r  48h. 
A f te r  t h i s  t ime they  recorded  t h a t  a c o l o u r  change o c c u r r e d  and t h e  
v i a b l e  coun t  was 8 ,0  x 10? organisms ml""*, the  predominant organism 
being a sp ec ie s  of B a c i l l u s .
In  t h e  p r e s e n t  s t u d y  i t  was o b s e r v e d  t h a t  when t h e  f l a s k s  of 
T r i o s o r b o n  were i n c u b a t e d  a t  37°C t h e  c o l o u r  change  occurred more 
r a p i d l y .  A s l i g h t  co lour  change was f i r s t  noted a f t e r  I8h and a f t e r  
4 8h t h e  c o n te n t s  of  the  f l a s k s  con ta in ing  Tr iosorbon p lus  car raoisine ,  
sunse t  yellow or  t a r t r a z i n e  were completely  d eco lo u r i se d .  The r a t e  of 
l o s s  o f  c o l o u r  i n  t h e  f l a s k s  o f  T r i o s o r b o n  which had been 
e x p e r i m e n t a l l y  contaminated with c o l i  was more rap id  than in  those  
c o n t a i n i n g  T r i o s o r b o n  a lone .  Fagerman and Dean (1983) a l so  repo r ted  
t h a t  t h e  c o l o u r  change  o c c u r r e d  more r a p i d l y  i n  e l e m e n t a l  foods  
r e c o n s t i t u t e d  with  tap  water and mixed with  an unwashed b lender  and in
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which th e  predominant contaminant i s o l a t e d  a f t e r  24h was jE. c o l i . They 
s u g g e s t  t h a t  c h an g e s  i n  c o l o u r  of  colour-coded e n t e r a l  feeds should 
sugges t  b a c t e r i a l  m u l t i p l i c a t i o n  which may be hazardous t o  compromised 
p a t i e n t s .  However,  i t  i s  s i g n i f i c a n t  t h a t  in  th e  p re sen t  s tudy no 
c o l o u r  changes  were observed over 72h a t  4, 25 or  37^C i n  any of  the  
f l a s k s  c o n t a i n in g  C l in i f e e d  ISO or  h a l f - s t r e n g t h  Vivonex p lus  c o l i  
and co lour ing  m a t e r i a l s ,  even though v ia b le  counts  of 10? -10® and 1q6 
-109 JE, c o l i  ml“ 1 were recorded a f t e r  72h a t  25 and 37^C r e s p e c t i v e l y .
Thus ,  t h e  r e s u l t s  of  t h e  p r e s e n t  s t u d y  show t h a t  al though the  
change in  co lour  of colour-coded feeds  can be l inked  with the  presence 
o f  h ig h  numbers of  b a c t e r i a  in  f e e d s ,  the  converse  i s  not n e c e s s a r i l y  
t r u e  and high numbers of b a c t e r i a  may be p resen t  in  feeds  i n  which no 
co lour  change has occurred .
T h e r e f o r e  any change  i n  c o l o u r  i n  colour-coded feeds  should be 
i n v e s t i g a t e d  i m m e d ia t e ly  as a p o s s i b l e  s i g n  o f  heavy  b a c t e r i a l  
contaminat ion  but th e  a d d i t i o n  of co lour  to  feeds  should not be r e l i e d  
upon as the  s o l e  method for moni tor ing  con tam inat ion .
7.5  BACTERIAL ADHESION STUDIES ON EQUIPMENT USED FOR THE 
ADMINISTRATION OF ENTERAL FEEDS
The a d h e s i o n  o f  m i c r o - o r g a n i s m s  to  su r f a c e s  i s  well  documented 
( B e r k e l e y  e_t 1980, F le t c h e r  1980).  Resul ts  of  th e  p resen t  s tudy
d e m o n s t r a t e  t h a t  r e s i d u a l  feed and /or  micro-organisms adhering  to  th e
-  133 -
i n n e r  s u r f a c e s  o f  used  n u t r i e n t  c o n ta in e r s  could contaminate  f r e s h  
s t e r i l e  f e e d  used t o  r e f i l l  t h e  n u t r i e n t  c o n t a i n e r  even i f  i t  i s  
c a r e f u l l y  r in sed  with s t e r i l e  water p r i o r  to  being r e f i l l e d .
Adhesion o f  m i c r o - o r g a n i s m s  t o  t h e  i n n e r  s u r f a c e s  o f  e n t e r a l  
f e e d i n g  t u b e s  c o u ld  r e s u l t  i n  p a t i e n t s  r e c e i v i n g  a c l i n i c a l l y  
s i g n i f i c a n t  dose of i n f e c t i n g  micro-organisms and /or  t h e i r  t o x in s  over 
an extended per iod  of  t ime.  Consequent hazards  to  th e  p a t i e n t  inc lude  
food poisoning  due to  b a c t e r i a l  e n t e r o to x in s  a n d /o r  c o l o n i s a t i o n  and 
i n f e c t i o n  by o p p o r t u n i s t i c  pa thogens.  Also,  m ic rob ia l  c o l o n i s a t i o n  of  
t h e  o u t e r  s u r f a c e s  o f  t h e s e  t u b e s  may o c c u r  i n  t h e  i n t e s t i n e  o r  
s tom ach  and i t  can be hypo thes ised  t h a t  subsequent growth may spread 
up th e  o u ts id e  o f  t h e  t u b e  and p r e s e n t  an i n f e c t i o n  h a z a r d  t o  t h e  
p a t i e n t ,  p a r t i c u l a r l y  i f  t h e  tube i s  l e f t  in  s i t u  fo r  a long t ime.
This s tudy has shown t h a t  a wide range of commercially a v a i l a b l e  
t u b e s  have  s u r f a c e  i r r e g u l a r i t i e s  l a r g e  enough t o  t r a p  
mic ro-organisms,  and t h e  p r e s e n c e  o f  food p a r t i c l e s  and b a c t e r i a l  
c e l l s  was d e m o n s t r a t e d  in  th e  lumen of f i n e - b o r e  tubes  pe r fused  with 
expe r im en ta l ly  i n f e c t e d  fe e d s .  The su r f a c e  i r r e g u l a r i t i e s  i l l u s t r a t e d  
were s i m i l a r  t o  t h o s e  o b s e r v e d  i n  S.E.M. s t u d i e s  o f  i n t r a v e n o u s  
c a t h e t e r s  by L o c c i  _et (1981a )  and o f  c o r o n a r y  c a t h e t e r s  by
B o u r a s s a  ^ 1 .  ( 1 9 7 6 ) .  T h e re  was c o n s i d e r a b l e  v a r i a t i o n  in  th e  
s u r f a c e  c h a r a c t e r i s t i c s  o f  th e  d i f f e r e n t  types  o f  tubes  examined. Both 
th e  in n e r  and ou te r  s u r f a c e s  o f  PVC, rad io-opaque  PVC and radio -opaque 
p o l y u r e t h a n e  t u b e s  had many s u r f a c e  i r r e g u l a r i t i e s  i n c l u d i n g
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l o n g i t u d i n a l  r i d g e s ,  r e t i c u l a t i o n ,  f i s s u r e s ,  p i t s  and n o t i c e a b l e  
r o u g h n e s s  due t o  r a d i o - o p a q u e  m a t e r i a l .  The d i s t r i b u t i o n  o f  
r a d i o - o p a q u e  m a t e r i a l  v a r i e d  i n  d i f f e r e n t  t y p e s  o f  tube .  In some 
t u b e s  i t  was e v e n ly  d i s t r i b u t e d  as  sm a l l  p a r t i c l e s ,  i n  some i t  
o c c u r r e d  in  p a t c h e s  and i n  o t h e r s  a n g u l a r  c h i p s  o f  r a d i o - o p a q u e  
m a te r i a l  p ro t ruded from the  tube  s u r f a c e .  S i m i l a r  t y p e s  o f  s u r f a c e  
roughness  have been r e p o r te d  by Muller ,  Blaschke and S te inm aie r  (1977) 
and Locci ^  (1981a) i n  t h e i r  s t u d i e s  on in t ravenous  c a t h e t e r s .
I n  t h e  p r e s e n t  s t u d y  i t  was found t h a t ,  in  g e n e r a l ,  th e  ou te r  
s u r f a c e s  of th e  tubes  appeared t o  be s l i g h t l y  smoother than  t h e  i n n e r  
s u r f a c e s ,  b u t  m a jo r  d e f e c t s ,  such as deep p i t s ,  were observed in  t h e  
o u te r  s u r f a ce s  of both rad io-opaque  PVC and p o l y u r e t h a n e  t u b e s .  By 
c o n t r a s t  t h e  s u r f a c e s  o f  t h e  s i l i c o n e  t u b e s  ap p ea red  to  be f a i r l y  
s m oo th .  S t u d i e s  on i n t r a v e n o u s  c a t h e t e r s  by L o cc i  e t  a l .  (198 lb )  
showed t h a t  s m a l l  numbers o f  o rg a n i s m s  i n i t i a l l y  l o d g e d  i n  
i r r e g u l a r i t i e s  on t h e  s u r f a c e  o f  t h e  c a t h e t e r s  and s u b s e q u e n t l y  
c o lo n ie s  b u i l t  up. S im i la r  r e s u l t s  were obta ined  in  th e  p re sen t  s tudy 
on e n t e r a l  feed ing  tu b e s .  For i n s t a n c e ,  a f t e r  24h incu b a t io n  a t  37°C 
i n  f e e d s  c o n t a m i n a t e d  with  E^ . c o l i , S taph , aureus  or B a c i l l u s  s p p . ,  
b a c t e r i a  and p a r t i c l e s  o f  f e e d  were o b s e r v e d  to  have  lo d g e d  i n  
i r r e g u l a r i t i e s  on both th e  inne r  and ou te r  s u r f a c e s  o f  a l l  t h e  t u b e s  
t e s t e d  except fo r  th e  s i l i c o n e  t u b e s .  Very few adherent b a c t e r i a  were 
observed on th e  s u r f a ce s  of th e  s i l i c o n e  tubes  a f t e r  24h i n c u b a t i o n ,  
h o w ev er ,  B ays ton  (1984)  r e p o r t e d  t h a t  when s i l i c o n e - r u b b e r  c a t h e t e r s
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were  p e r f u s e d  w i th  s u s p e n s i o n s  o f  f i v e  s t r a i n s  o f  s t a p h y l o c o c c i ,  
followed by i n t e r m i t t e n t  p e r fu s io n  with s t e r i l e  b r a i n - h e a r t - i n f u s i o n  
b r o t h ,  a l l  t h e  t e s t  organisms produced v i s i b l e  m ic ro -co lon ies  in  the  
t e s t  c a t h e t e r s  w i th in  24-72h.
In  t h e  e x p e r i m e n t s  where  r a d i o - o p a q u e  PVC tubes  were perfused  
w i t h  0 .1 $  (w/v) p e p to n e  water  contaminated with e i t h e r  S ta p h , aureus  
o r  E^ . c o l i  t h e  i n n e r  s u r f a c e s  of the  tubes  had pa tches  o f  amorphous 
m a t e r i a l  d e p o s i t e d  on them. Some o f  t h e  r a d i o - o p a q u e  PVC t u b e s  
immersed i n  Triosorbon fo r  24h were a l so  observed t o  have  p a t c h e s  o f  
th e  inne r  s u r f a ce s  covered with a t h i n  f i lm  of  t r a n s p a r e n t  m a te r i a l  in  
which rod-shaped b a c t e r i a  seemed to  be embedded. S.E .M. s t u d i e s  o f  
i n f e c t e d  i n t r a v e n o u s  c a t h e t e r s  have  a l s o  shown t h a t  b a c t e r i a  
accumulate w i th in  amorphous m a te r i a l  (Bayston and Penny 1972, P e t e r s  
_et 1 9 8 1 , C h r i s t e n s e n  _et 1982b, Cheesbrough, E l l i o t  and Finch
1 9 8 5 ) and P e t e r s  _e^ ^ 1  » ( 1982) s u g g e s t e d  t h a t  p r o d u c t i o n  o f  t h i s  
m a te r i a l  appeared to  promote c o l o n i s a t i o n  of  th e  c a t h e t e r s .
Experiments in  which rad io-opaque  PVC t u b e s  were p e r f u s e d  w i th  
fe e d  e x p e r im e n t a l l y  contaminated with S ta p h , aureus  over 24h showed a 
s t e a d y  b u i l d - u p  o f  m a t e r i a l  c o a t i n g  th e  lumen of  th e  tu b e .  However, 
when tubes  were i r r i g a t e d  w i th  s t e r i l e  w a te r  most o f  t h e  d e p o s i t e d  
m a t e r i a l  was removed. I t  t h e r e f o r e  a p p e a re d  t h a t  t h i s  procedure ,  
recommended by many of th e  manufactu rers  of e n t e r a l  feed ing  tu b es ,  was 
b e n e f i c i a l  i n  l i m i t i n g  th e  bu i ld -up  of feed m a te r i a l  and b a c t e r i a  on 
the  inne r  su r fa ce s  of th e  tu b es .
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B o t t a ,  C os ta  and Pug l i e se  (1984) r e c e n t l y  s t a t e d ,  with r e fe re n ce  
to  f i b r e - o p t i c  endoscopes,  t h a t  f u r t h e r  r e s e a r c h  was needed  t o  f i n d  
p l a s t i c s  t h a t  a r e  l e s s  s u s c e p t i b l e  t o  a d h e r e n c e  by i n t e s t i n a l  
b a c t e r i a .  In  t h e i r  s t u d i e s  on c o r o n a r y  c a t h e t e r s  Bourassa e t  a l .  
( 1976) s u g g e s t e d  t h a t  t h e  use  o f  p e r f e c t l y  r e g u la r  moulds and more 
adequate e x t ru s io n  methods would r e s u l t  i n  t h e  p r o d u c t i o n  o f  h i g h e r  
q u a l i t y  c a t h e t e r  m a t e r i a l s  w i t h  min imal  s u r f a c e  d e f e c t s .  S im i la r  
production of e n t e r a l  feed ing  tubes  with smooth and r e g u l a r  s u r f a c e s  
would h e l p  t o  p r e v e n t  s u r f a c e  i r r e g u l a r i t i e s  p r o v i d i n g  s i t e s  fo r  
m ic rob ia l  a t tachm ent .  However, t h e  w e l l  documented problem of  t h e  
a d s o r p t i o n  and a d h e s i o n  o f  m i c r o - o r g a n i s m s  t o  smooth s u r f a c e s  
( B e r k e l e y  ^  £ l . 1980, F l e t c h e r  1980, Locci ^  1981b) lead ing  to
s u b s e q u e n t  c o l o n i s a t i o n  o f  t h e  t u b e ,  would remain,  p a r t i c u l a r l y  in  
tubes  l e f t  in  s i t u  fo r  long p e r io d s .
A number o f  a u t h o r s  have  s u g g es te d  t h a t  tube feeds  may provide 
sources  of i n f e c t i o n  which a re  a p a r t i c u l a r  danger to  th e  d e b i l i t a t e d  
o r  compromised p a t i e n t  ( C a s e w e l l  _e^ 1981, Bastow _et 1982,
Gibbs  1 9 8 3 ) .  However, t h e i r  c o n c e r n  has  been mainly focussed upon 
feeds  contaminated during mixing and handling p r i o r  t o  a d m in i s t r a t i o n .  
The p r e s e n t  s t u d y  a l s o  h i g h l i g h t s  a n o t h e r  a s p e c t  of th e  problem, 
s ince  i t  can be hypothes ised  t h a t  not only may the  a d m in i s t r a t i o n  of a 
c o n t a m i n a t e d  fe e d  l e a d  to th e  c o lo n i s a t i o n  of th e  tube ,  but a l so  the  
p r a c t i c e  of a s p i r a t i n g  th e  stomach or i n t e s t i n a l  c o n te n t s  to  check the  
p o s i t i o n  o f  t h e  tu b e  cou ld  l e a d  to  i t  b e in g  c o n t a m i n a t e d  w i th
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m i c r o - o r g a n i s m s  from t h e  p a t i e n t ’ s own f l o r a  w h ich ,  i n  t h i s  new 
environment,  could m u l t ip ly  and produce t o x i c  m e ta b o l i t e s .
7.6 CONCLUSIONS AND RECOMMENDATIONS
There a re  an i n c re a s in g  number o f  r e p o r t s  showing t h a t  th e  use of 
contaminated e n t e r a l  feeds  can cause  s e r i o u s  i n f e c t i o n s  i n  h o s p i t a l  
p a t i e n t s  ( P o t t e c h e r  _a^. 1979, Casewell £ t  198I , Casewell and 
P h i l p o t t - H o w a r d  1 9 8 3 ) .  The p r e s e n t  s tudy has demonstrated t h a t  not 
only are  t h e r e  many p o t e n t i a l  sources  of t h i s  con tam ina t ion ,  bu t  a l s o  
t h a t  i t s  e f f e c t s  can  be a m p l i f i e d  by poor h a n d l i n g  p r o c e d u r e s .  
P o t e n t i a l  sources  of contamination  r e p o r t e d  i n  t h e  s u r v e y  c o n d u c te d  
from 1982-1984  inc luded the  use of  i n g r e d i e n t s  such as raw eggs,  d r ied  
m i lk  powder,  Complan, t a p  and d i s t i l l e d  w a t e r ,  and t h e  use  o f  
i n a d e q u a t e l y  c l e a n e d  l i q u i d i s e r s  t o  mix t h e  f e e d s .  Poor handling 
p r o c e d u r e s  were a l s o  r e c o r d e d ,  i n c l u d i n g  r e f i l l i n g  of  n u t r i e n t  
c o n t a i n e r s ,  s to ra g e  of feeds  a t  k i t c h e n  or ward temperature  fo r  up to  
12h p r i o r  t o  a d m i n i s t r a t i o n ,  and t r a n s p o r t i n g  t h e  f e e d s  from t h e  
k i t c h e n  to  th e  ward on a warm b r e a k f a s t  t r o l l e y .  A number of au thors  
have  a rgued  t h a t  t h e r e  i s  a s t r o n g  c a s e  f o r  t h e  b a c t e r i o l o g i c a l  
t e s t i n g  of  e n t e r a l  feeds  (Bastow e t  1982, Casewell 1982) but fo r  
t h i s  to  be of  any value i t  i s  necessa ry  to d e f ine  numerical  l i m i t s  fo r  
m i c r o - o r g a n i s m s  i n  f e e d s  w h ic h ,  i f  e x c e e d e d ,  w i l l  r e s u l t  i n  t h e  
r e j e c t i o n  o f  t h e  f e e d .  To o b ta in  these  numerical  l i m i t s  i t  i s  f i r s t  
necessa ry  to  a s c e r t a i n  the  l e v e l  a t  which micro-organisms p resen t  a
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h a z a r d  t o  t h e  p a t i e n t  due t o  c o l o n i z a t i o n  and p o s s i b l e  subsequent 
i n f e c t i o n .  The number of organisms t h a t  must be in g e s t ed  by a p a t i e n t  
i n  o r d e r  f o r  c o l o n i z a t i o n  o f  t h e  i n t e s t i n e  t o  o c c u r  w i l l  v a ry  
a c c o r d i n g  to  t h e  p a t i e n t ’ s t r e a tm e n t  and d i s e a s e .  P o t t ec h e r  e t  a l . 
( 1979) s u g g e s t e d  t h a t  10^ o r g a n i s m s  ml""* o f  feed a r e  s u f f i c i e n t  to  
r e s u l t  i n  p e r s i s t e n t  c o lo n iz a t io n  of  the  d i g e s t i v e  t r a c t  o f  h o s p i t a l  
p a t i e n t s ,  but more r e c e n t l y ,  Remington and Schimpff (1981) s t a t e d  t h a t  
a t o t a l  o f  103 G r a m - n e g a t iv e  o rg a n i s m s  i n  1g o f  food could lead  to  
p e r s i s t e n t  c o l o n i z a t i o n  o f  t h e  i n t e s t i n a l  t r a c t .  There  would ,  
t h e r e f o r e ,  seem t o  be a s t ro n g  argument in  favour of  th e  use of  only 
s t e r i l e  i n g r e d i e n t s  fo r  a l l  h o s p i t a l  p a t i e n t s .  However, a s u r v e y  by 
T r e d g e r  (1981)  showed t h a t  more than  50$ o f  the  h o s p i t a l s  in
t h e  UK a t  t h a t  t im e  used h o s p i t a l - p r e p a r e d  n o n - s t e r i l e  f e e d s  and 
a l though th e  su rv e y  c a r r i e d  o u t  be tw een  1982 and 1984 i n d i c a t e d  a 
r e d u c t i o n  in  th e  use o f  h o s p i t a l  prepared  feeds  i t  a l so  revea led  th a t  
80$ of  the  h o s p i t a l s  added subs tances  to  the  r e a d y - t o - u s e  co m m erc ia l  
f e e d s .  Also ,  fo r  n o n - s t e r i l e  pharm aceu t ica ls  i t  has been s t a t e d  t h a t  
a compromise must be reached  be tw een  t h e  e s t i m a t i o n  o f  t h e  r i s k  o f  
i n f e c t i o n  from c o n t a m i n a t e d  f e e d s  and t h e  c o s t  o f  a s su r in g  product 
c l e a n l i n e s s  with th e  a v a i l a b l e  raw m a t e r i a l s  and procedures  (T. Munton 
1984; p e r s .  comm.) and a s i m i l a r  case  can be made fo r  e n t e r a l  f e ed s .  
The f o l l o w i n g  r eco m m en d a t io n s  a r e ,  t h e r e f o r e ,  p u t  fo rw a rd  f o r  
m i c r o b i o l o g i c a l  l i m i t s  which a r e  a p p l i c a b l e  t o  t h e  e n t e r a l  f e e d  
i n g r e d i e n t s  and t h e  f i n i s h e d  p r o d u c t s  ( i n  t h e  n u t r i e n t  c o n t a i n e r )  
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E nteral feed in g red ien ts
H o s p i t a l  B a c t e r i o l o g y  depar tments  should make q u a l i t y  checks on 
a l l  ba tches  o f  d r i e d  products  in tended  f o r  u se  i n  e n t e r a l  f e e d s  and 
r e j e c t  t h o s e  w i th  an ae ro b ic  p l a t e  count (APC) ^ 1 0 ^  organisms g"1.  
Checks should a l so  be made t o  e n s u r e  t h a t  a l l  i n g r e d i e n t s  a r e  f r e e  
from S a l m o n e l l a  s p p . ,  c o l i , K l e b s i e l l a  s p p . ,  Pseudomonas s p p . ,  
C los t r id ium  spp . ,  S ta p h , aureus  and c e r e u s .
P a r t i c u l a r  c a r e  s h o u l d  be t a k e n  wi th  d r i e d  p roduc ts  co n ta in in g  
milk or whey p r o t e i n s  s i n c e  an e x a m i n a t i o n  o f  t h e  m i c r o b i o l o g i c a l  
q u a l i t y  o f  t h e  i n g r e d i e n t s  p r e s e n t l y  u sed  i n  t h e  p r e p a r a t i o n  o f  
e n t e r a l  feeds  h a s  d e m o n s t r a t e d  t h a t  t h e s e  p r o d u c t s  a r e  f r e q u e n t l y  
c o n t a m i n a t e d  w i th  B a c i l l u s  s p p . ,  i n c l u d i n g  c e r e u s , and
S ta p h y lo c o c G u s  s p p .  L i q u i d  i n g r e d i e n t s  s h o u l d  be s t e r i l e  where 
p o s s i b l e  and t h e  APC o f  n o n - s t e r i l e  l i q u i d s  s h o u l d  not exceed 1q1 
o rg a n i s m s  m l"1 .  The l i s t  of organisms not pe rm i t ted  a t  any l e v e l  i s  
t h e  same as fo r  dry  i n g r e d i e n t s  w i th  t h e  p a r t i c u l a r  need t o  e n s u r e  
t h a t  any water used i s  f r e e  from Pseudomonas spp.
F in i shed  products  ( i n  n u t r i e n t  co n ta in e r )
I t  i s  s t r o n g l y  recommended t h a t ,  where p o s s i b l e ,  only s t e r i l e  
feed should be used f o r  those  p a t i e n t s  considered  t o  be a s p e c i a l  r i s k  
(Appendix  F, Page 180).  The proposed m ic ro b ia l  l i m i t s  a t  th e  s t a r t  
of a d m i n i s t r a t i o n  and the  recommended h a n g in g  t i m e s  f o r  s t e r i l e  and 
n o n - s t e r i l e  feeds  take  i n to  account th e  f a c t  t h a t  in  feeds  hanging a t
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ward t e m p e r a t u r e  t h e r e  w i l l  be r a p i d  m u l t i p l i c a t i o n  o f  any 
contaminants  p r e s e n t .  For i n s t a n c e ,  i t  was found t h a t  when s o l u t i o n s  
o f  m i l k - b a s e d  f e e d s  were ex p er im en ta l ly  contaminated with  s t r a i n s  of  
S t a p h . a u r e u s , Ps a e r u g i n o s a , K, a e rogenes , E n t . c loacae  and JE. c o l l  
a t  l e v e l s  o f  10^ -  iq3 c f u  ml"1,  a l l  th e  t e s t  organisms m u l t i p l i e d  
r a p i d l y .  Af te r  24h a t  25 and 37^C r e s p e c t i v e l y ,  v i a b l e  counts  of  10^ 
-  109 and 10® -  10^® c f u  ml"1 were recorded .  S ince ,  by d e f i n i t i o n  
n o n - s t e r i l e  feeds  a re  contaminated a t  th e  s t a r t  of a d m in i s t r a t i o n ,  th e  
h a n g in g  t ime fo r  t h e se  feeds  i s  l im i t e d  to  4h i n  o rder  to  ensure  t h a t  
m i c r o b i a l  numbers i n  t h e s e  n u t r i e n t  c o n ta i n e r s  w i l l  not exceed 103 
ml~1 a t  t h e  end o f  a d m i n i s t r a t i o n .  This hanging t ime was a r r i v e d  a t  
t h r o u g h  s t u d i e s  of  th e  r a t e  of  growth of  E^ . c o l i  and S ta p h , aureus  in  
a m i l k - b a s e d  feed  under  s imula ted  ward c o n d i t io n s .  In th e se  s t u d i e s  
i t  was found t h a t  th e  counts  i n  th e  n u t r i e n t  c o n ta i n e r s  inc reased  over 
8h from 10^ - l o 3  t o  10^ -  10^ c fu  ml'1 f o r  both organisms. Varying 
th e  i n i t i a l  inoculum r e s u l t e d  i n  p a r a l l e l  growth c u r v e s ,  t h e i r  b e i n g  
an a v e r a g e  i n c r e a s e  i n  numbers o f  2 l o g  c y c l e s  o v e r  8h (mean 
g e n e r a t io n  t ime = 1 .2h) .  T here fo re ,  i t  was p o s s i b l e  t o  p r e d i c t  t h a t  
provided th e  i n i t i a l  l e v e l  of contaminat ion  was l e s s  than  10^ c fu  ml“  ^
and t h e  ward t e m p e r a t u r e  d id  n o t  exceed  25°C then  a f t e r  4h hanging 
t ime th e  f i n a l  number of organisms in  t h e  c o n t a i n e r  would n o t  exceed  
103 m l - 1 .  The recom m enda t ion  f o r  a maximum hanging t ime of  4h fo r  
n o n - s t e r i l e  feeds  was a l s o  prompted by th e  f a c t  t h a t  th e  food s e r v i c e  
i n d u s t r y  i n  th e  U.S.A. l i m i t s  t h e  cumulative  room tem pera tu re  s to ra g e  
t ime of  hazardous food produc ts  (de f ined  as a l l  food products  shown to
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be a t  r i s k  f o r  b a c t e r i a l  c o n t a m i n a t i o n  and growth) to  4h (Food and 
Drug A dm in is t ra t ion  1976).
I n i t i a l l y  i t  i s  recommended t h a t  f o r  a l i m i t e d  pe r iod  of  t ime 
( e . g .  one month) t h e  B a c t e r i o l o g y  d e p a r t m e n t s  o f  h o s p i t a l s  t a k e  
s am p le s  o f  each  b a t c h  o f  raw m a t e r i a l s  and f i n i s h e d  feeds  p r i o r  to  
t h e i r  r e l e a s e  fo r  u se .  I t  i s ,  however, a p p r e c i a t e d  t h a t  due t o  t h e  
e x t r e m e l y  p e r i s h a b l e  n a t u r e  o f  t h e  f i n i s h e d  p r o d u c t s ,  i t  w i l l  be 
n e c e s s a r y  t o  r e l e a s e  t h e s e  f o r  use  p r i o r  t o  t h e  m i c r o b i o l o g i c a l  
r e s u l t s  being a v a i l a b l e .  N ev e r th e le s s ,  by moni to r ing  a l l  t h e  p roduc ts  
f o r  a p e r i o d  o f  t i m e  i t  s h o u ld  be p o s s i b l e  t o  i d e n t i f y  t h e  raw 
m a t e r i a l s ,  k i t ch en  equipment and hand l ing  procedures  which p re s e n t  a 
p a r t i c u l a r  r i s k  i n  each  h o s p i t a l  and t o  a c t  t o  r e c t i f y  t h i s .  
S u b s e q u e n t l y ,  t h e r e f o r e ,  i t  may be p o s s i b l e  t o  conf ine  th e  ro u t i n e  
m ic ro b io lo g ica l  t e s t i n g  of  raw m a t e r i a l s  t o  ba tches  of new m a t e r i a l s .  
I f  t h i s  a p p ro a c h  i s  a d o p te d  i t  i s  a l s o  recommended t h a t  t h e  
depar tments  should con t inue  t o  make r e g u l a r  r o u t i n e  c h eck s  on t h e  
m i c r o b i o l o g i c a l  q u a l i t y  o f  both s t e r i l e  and n o n - s t e r i l e  f e e d s ,  p r i o r  
t o ,  during the  course  o f  and a t  th e  end o f  a d m i n i s t r a t i o n  t o  e n s u r e  
t h a t  c o n t a m i n a n t s  a r e  n o t  b e in g  i n t r o d u c e d  from c o n t a m i n a t e d  raw 
m a t e r i a l s  or  equipment or  due t o  i n c o r r e c t  handl ing  procedures .
The p r a c t i c a l i t y  o f  th e se  recommendations was confirmed dur ing  a 
six-month survey of th e  con tam inat ion  of  e n t e r a l  feeds  in  th e  ITU of  a 
l o c a l  h o s p i t a l .  Here th e  l e v e l s  of  contamination in  th e  r e s i d u a l  feed
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i n  t h e  n u t r i e n t  c o n ta i n e r  ranged frcan 10^ to  103 c fu  . The only 
i n g r e d i e n t s  used were t h e  s t e r i l e  feeds  N u t r a u x i l ,  E n su re  and I s o c a l  
and s t e r i l e  water .  Mixing o f  th e  i n g r e d i e n t s  was done in  th e  s t e r i l e  
n u t r i e n t  c o n t a i n e r .  T h e r e f o r e ,  i t  c o u ld  be i n f e r r e d  t h a t  t h e  
c o n t a m i n a n t s  en te red  th e  system from th e  s u r f a c e  o f  th e  cans of feed,  
from t h e  a i r  or  from t h e  s k i n  o f  p e r s o n n e l  h a n d l i n g  t h e  s y s t e m s .  
A l s o ,  r e p o r t s  by J o n e s  (1975) and Gibbs (1983) of  nu rses  t e s t i n g  the  
tem pera tu re  of e n t e r a l  feeds  with  t h e i r  f i n g e r s  h i g h l i g h t s  t h e  f a c t  
t h a t  n o t  a l l  p e r s o n n e l  a r e  aware  o f  t h e  p o t e n t i a l  s o u r c e s  and 
subsequent  hazards  of m ic rob ia l  contaminat ion  of e n t e r a l  feeds  and th e  
need fo r  s t r i c t  hygiene i n  t h e i r  p r e p a r a t io n  and hand l ing .
Handling Procedures
I t  i s  recommended t h a t  equ ipm ent  used  f o r  c o n t i n u o u s  feeding 
should be s t e r i l e  as de sc r ibed  in  t h e  B r i t i s h  S t a n d a r d  6314 ( B r i t i s h  
S t a n d a r d s  I n s t i t u t i o n  1983) and k e p t  i n  s e a l e d  p a c k a g in g  u n t i l  
immediately be fore  use .  The importance of t h i s  i s  em p h as i sed  by t h e  
e x p e r i m e n t s  i n  which a contaminated n u t r i e n t  c o n ta in e r  was r e f i l l e d  
w i th  s t e r i l e  feed over a pe r iod  o f  24h and v i a b l e  counts  ro s e  from 10^ 
-  1q3 c f u  ml"1 a t  Oh t o  10® a t  24h .  S i m i l a r  r e s u l t s  were a l s o  
r e p o r t e d  by Bastow ( 1 9 8 2 ) .  A lso  i n  t h e  p r e s e n t  s t u d i e s  to
examine the  adhesion of  b a c t e r i a  t o  th e  n u t r i e n t  c o n ta in e r  p l a s t i c  i t  
was shown t h a t  r i n s i n g  with s t e r i l e  water was not s u f f i c i e n t  t o  remove 
a l l  o f  t h e  a d h e r i n g  organisms.  Therefore  th e  commonly used p r a c t i c e  
of  r i n s i n g  the  n u t r i e n t  c o n t a i n e r  w i th  t a p  w a te r  each  t im e  i t  i s
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r e f i l l e d  i s  no t  a d v i s a b l e ,  and in  f a c t  the  tap  water i t s e l f  may be a 
source  of contamination (Burman and Colbourne 1977).
In o rder  to  minimise the  r i s k  o f  sk in  contaminants  ga in ing  access  
t o  t h e  f e e d  i t  i s  e s s e n t i a l  t h a t  a t  no s tage  should any i n t e r n a l  p a r t  
o f  t h e  n u t r i e n t  c o n t a i n e r  o r  g i v i n g  s e t  be a l low ed  t o  come in to  
c o n tac t  with the  sk in .  Of p a r t i c u l a r  r e l e v a n c e  a r e  s p i k e s  and a i r  
l i n e s  i n s e r t e d  i n t o  feeding  s o l u t i o n s ,  i n t e r i o r s  o f  empty bags, caps 
and adap to r s .
The p o s s i b i l i t y  o f  e n t e r a l  f e e d i n g  t u b e s  a c t i n g  as sources  of 
contamination  should be cons idered .  S.E.M. s t u d i e s  sugges ted  t h a t  i t  
was p o s s i b l e  t h a t  once t h e s e  tu b e s  become co lon ised  during c l i n i c a l  
use they  would remain contaminated due to  feed components and b a c t e r i a  
a d h e r i n g  t o  th e  tubes  and through the  entrapment o f  feed and b a c t e r i a  
a t  th e  ends of s id e -v en ted  tu b es .
T h i s  was c o n f i rm e d  by s t u d i e s  c a r r i e d  out under s im ula ted  ward 
c o n d i t io n s  in  which f i n e - b o r e  e n t e r a l  feed ing  tubes  were p e r f u s e d  f o r  
8h w i t h  a m i l k - b a s e d  feed exper im en ta l ly  contaminated with 10^ -  1o3 
S t a p h . a u r e u s  or  c o l i  ral~1. A f t e r  8 and 16h t h e  whole system, 
a p a r t  from t h e  t u b e ,  was r e p l a c e d  w i th  new s t e r i l e  components and 
s t e r i l e  f e e d  was p e r f u s e d  t h r o u g h  t h e  s y s t e m .  In  s p i t e  o f  t h e s e  
p r o c e d u r e s  v i a b l e  S t a p h . a u r e u s  o r  c o l i  o rg an ism s  were s t i l l  
d e t e c t e d  i n  t h e  feed  c o l l e c t e d  from t h e  end o f  t h e  f i n e -b o r e  tube
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a f t e r  24h.  These r e s u l t s  a re  s i m i l a r  t o  those  re p o r te d  by Schroeder  
( 1 9 8 3 ) w ork ing  w i th  E n t . c l o a c a e . F u r t h e r  S.E.M. s t u d i e s  
showed t h a t  i r r i g a t i n g  t h e  tubes  with  s t e r i l e  water removed most but 
not a l l  o f  the  depos i ted  m a te r i a l  and may t h e r e f o r e  be b e n e f i c i a l  i n  
l i m i t i n g  th e  b u i ld -u p  o f  feed  and b a c t e r i a .
C o l o n i s a t i o n  o f  t h e  e n t e r a l  f e e d i n g  t u b e s  c o u ld  r e s u l t s  i n  
p a t i e n t s  r e c e i v i n g  a c l i n i c a l l y  s i g n i f i c a n t  dose  o f  i n f e c t i n g  
micro-organisms and /o r  t h e i r  to x in s  over an ex tended  p e r i o d  o f  t i m e .  
Feed i s s u i n g  from th e  f i n e - b o r e  tube may con ta in  b a c t e r i a  independent 
of the  r e s t  of  the  system. I t  i s  probably  i n s u f f i c i e n t  to  monitor the  
b a c t e r i a  p r e s e n t  i n  t h e  n u t r i e n t  c o n t a i n e r .  A l s o ,  i f  the  feed i s  
a c c i d e n t a l l y  allowed t o  r e f l u x  back  t o  t h e  n u t r i e n t  c o n t a i n e r ,  t h e  
whole system would become contaminated.
I t  i s  t h e r e f o r e  recommended t h a t  t h e  n u t r i e n t  c o n t a i n e r  s h o u ld  
n o t  be  a l lo w e d  t o  hang below th e  h e ig h t  o f  the  p a t i e n t ’ s stomach and 
t h a t  th e  e n t e r a l  f e e d i n g  tu b e  sh o u ld  be f l u s h e d  ou t  w i t h  w a te r  a t  
l e a s t  once every 24h and rep laced  every two weeks.
Guidance f o r  h o s p i t a l  p r a c t i c e
F u r t h e r  d e t a i l s  o f  t h e s e  recom m enda t ions  a r e  i n c l u d e d  in  th e  
guidance document prepared by Anderton,  Howard and Sco t t  on b e h a l f  o f  
t h e  Commit tee  o f  t h e  P a r e n t e r a l  and E n t e r a l  N u t r i t i o n  Group o f  th e  




QUESTIONNAIRE ON NASO-GASTRIC FEEDS
PART I  -  GENERAL
Please  u nde r l ine  a p p ro p r i a t e  re sp o n se ( s )  below
1. Type of  h o s p i t a l
a) Cottage
b) Large teach ing
c) General
d) Matern ity
e) Other (p lea se  s t a t e )
2,  Number of  beds (approx . )  (p lea se  s t a t e )
3. Average number of p a t i e n t s  in  th e  h o s p i t a l  r e c e iv in g  n a s o - g a s t r i c  
tube  feeds  on any given day (p le a s e  s t a t e )
4. What i s  th e  average len g th  of  t ime ( i n  days or weeks) fo r  which a 
p a t i e n t  w i l l  be tube  fed? ( p le a se  s t a t e )
5.  Type of feed use  :
a) Home-made milk feeds
b) L iqu id ised  ward food
c) Commercial feeds
6.  Of th e  foods used , what pe rcen tage  are  Commercial Feeds?
a) 100%
b) 0%
o) Other (p le a se  s t a t e )
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PART 2 -  COMMERCIAL FEEDS
P lea se  f i l l  in  t h i s  q u e s t io n n a ir e  i f  th e  h o s p i t a l  uses Commercial 
Ready-made S t e r i l e  N a so -g a s tr ic  fe e d s .
Answer a l l  q u es t io n s  t h a t  a re  r e l e v a n t .
P lease  u n d e r l in e  a p p ro p r ia te  r e sp o n se (s )  below :
1. Which brands and types  o f  Commercially Made S t e r i l e  Feeds a re  
Used? ( e .g .  C l in i fe e d  500 V a n il la ;  I s o c a l )  (p lea se  s t a t e )
2. Do you add any th ing  to  Commercial Feed? YES/NO
I f  yes, p lease  s t a t e  what ( in c lu d in g  water) -  
how i s  i t  added and mixed (p le a se  s t a t e )
3. What type of water i s  used?
a) Tap water from mains
b) Tap w ater s to re d  in  a tan k
c) D i s t i l l e d  w ater s to re d  in  a c o n ta in e r
d) Other (p le a se  s t a t e )
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I f  a d d i t io n s  a re  made, what type of l i q u i d i s e r  i s  used?
a) Glass g o b le t
b) Metal g o b le t
c) P l a s t i c  g o b le t
In a d d i t io n  to  tube fe e d s ,  what i s  th e  l i q u i d i s e r  used for?
a) All types  of food
b) Milk food a lone
c) Nothing e l s e
d) Other (p le a se  s t a t e )
5. What method i s  used fo r  c lean in g  l i q u i d i s e r ?
a) Very hot water
b) Hot water 
o) Warm water
d) Other (p lea se  s t a t e )







8. How are  they  s to re d  a f t e r  being prepared or decanted from can , 
but be fo re  reach ing  wards?
a) In cool a re a  in  k i tch en
b) In g enera l k i tc h e n  a rea
c) In cool room
d) In r e f r i g e r a t o r
How are  they  s to r e d ,  i f  in  r e s e r v o i r  or bag, on ward?
a) In k i tch en  a re a
b) On d r in k s  t r o l l e y
c) In ward beside  p a t ie n t
d) In ward r e f r i g e r a t o r
10. I f  s to red  in  r e s e r v o i r  or bag in  a r e f r i g e r a t o r ,  how long before  
a d m in is t ra t io n  a re  they  removed from the  f r id g e  ( i . e .  how much 
time i s  allowed fo r  them to  warm up so th a t  they  a re  not 




d) Other (p le a se  s t a t e )
11. How are  they  ad m in is te red  to  p a t ie n t?
a) Drip method from g la s s  b o t t l e
b) Drip method from bag
o) Drip method from C lin ife e d  system
d) Bolus method
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12. How are b o tt le s  cleaned?
a) Washed tho roughly  (machine)
b) Washed tho rough ly  (by hand)
c) S t e r i l i s e d
1 3 . I f  bags or C l in ife e d  System 3 u n i t s  a re  used, a re  they
a) R e f i l le d  over 24h and then d isca rded
b) Used o f te n  and washed between use
c) Used o f te n  and s t e r i l i s e d  between use
d) Used once then  d isca rd ed
e) Other (p le a se  s t a t e )
14, What i s  th e  average le n g th  of time per day fo r  feed to  pass in to  




d) Any o th e r  len g th  of time -  p le a se  s p e c ify .
1 5 . What i s  average q u a n t i ty  of feed per p a t ie n t  g iven per day? 
P lea se  s t a t e  in  ml.
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16, How much feed does th e  r e s e r v o i r ,  bag or b o t t l e  used fo r  





e) Other (p le a se  s t a t e )




d) Other -  p le a s e  g ive  d e t a i l s .
18. I f  an e n te r a l  pump i s  used, what flow r a t e  i s  i t  normally s e t  a t?
a) P lease  s t a t e  (m l /h ) .
19. Each time more feed i s  re q u ired  by th e  p a t i e n t ,  i s  th e  c o n ta in e r  
used :
a) R e f i l le d  a t  bedside  (washed d a i ly )
b) R e f i l le d  in  k i tc h e n  (washed d a i ly )
c) Washed in  k i tc h e n ,  r e f i l l e d  and rep laced
d) Washed on ward, r e f i l l e d  and rep laced
e) New c o n ta in e r  used each time
f ) Other (p lea se  s t a t e )
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20. What type of feed ing tube i s  used?
a) C lin ife e d  System I  
b Ryles tube
c) Other (p le a se  s t a t e )
21. How o f te n  a re  th e  p a t i e n t s ’ feed in g  tubes  changed? (p le a se  g ive  
d e t a i l s )
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PART 3 -  HOME-MADE FEEDS
P lea se  f i l l  in  t h i s  q u e s t io n n a ir e  i f  th e  h o s p i ta l  uses Home-Made 
N aso -g a s tr ic  Feeds,
Answer a l l  qu es t io n s  th a t  a re  r e le v a n t .
P lease  u n d e r l in e  a p p ro p r ia te  re sp o n se (s )  below
1. What type of feed i s  used ?
a) L iqu id ised  ward food
b) Own re c ip e  
o) Elemental
2. I f  l iq u id i s e d  ward food i s  used, where i s  i t  l iq u id is e d ?
a) Main k i tch en
b) D iet bay
c) On ward
3. What type of w ater i s  used in  feeds?
a) Tap water from mains
b) Tap water s to re d  in  a tank
o) D i s t i l l e d  w ater s to re d  in  a c o n ta in e r
d) Other (p le a se  s t a t e )
4. I f  own r e c ip e ,  what type of milk i s  used?
a) P a s teu r ised
b) Dried whole milk
c) Dried skim milk
d) UHT milk
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Do you use eggs in  own rec ip e?  
I f  yes, what type?
a) Whole raw egg
b) Commercial l iq u id  egg
c) Dried egg
YES/NO
What type o f  l i q u i d i s e r  i s  used?
a) Glass g o b le t
b) Metal g o b le t
c) P l a s t i c  g o b le t
7. What i s  th e  l i q u i d i s e r  used fo r?
a) All types of food
b) Milk food alone
c) Tube feeds only
d) Other (p le a se  s t a t e )
8. What method i s  used fo r  c lean in g  l i q u i d i s e r ?
a) Very hot w ater
b) Hot water
c) Warm w ater
d) Other (p lea se  s t a t e )










Other (p le a se  s t a t e )
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10. How a re  they  s to re d  be fo re  reach in g  wards?
a) In cool a rea  in  k i tc h e n
b) In genera l  k i tc h e n  a re a
o) In cool room
d) In r e f r i g e r a t o r
11 . How are they  s to re d  on Ward?
a) In k itch en  a re a
b) On d rinks  t r o l l e y
c) In ward b es id e  p a t i e n t
d) In ward r e f r i g e r a t o r
12, I f  s to red  in  a r e f r i g e r a t o r ,  how long before  a d m in is t ra t io n  a re  
they  removed from th e  f r id g e  ( i . e .  how much time i s  allowed 




d) Other (p le a se  s t a t e )
13. How are  they  adm in is te red  to  p a t ie n t?
a) Drip method from g la s s  b o t t l e
b) Drip method from bag
c) Drip method from C lin ife e d  system
d) Bolus method
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14. How are b o t t le s  cleaned?
a) Washed thoroughly  (machine)
b) Washed thorough ly  (by hand)
c) S t e r i l i s e d
15. I f  bags or C lin ife e d  System 3 u n i t s ,  a re  they
a) Used o f te n  and washed between use
b) Used o f te n  and s t e r i l i s e d  between use
c) Used once and then  d isca rd ed
d) Other (p le a se  s t a t e )
16. What i s  average le n g th  of time per day fo r  feed to  pass in to  




d) Any o th e r  le n g th  of time -  p le a se  sp e c i fy .
17. What i s  average q u a n t i ty  of feed per p a t ie n t  given per day? 
P lease  s t a t e  in  ml.
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18. How much feed does th e  r e s e r v o i r ,  bag or b o t t l e  used fo r  





e) Other -  p le a s e  s t a t e .




d) Other -  p le a s e  g ive  d e t a i l s .
20. I f  an e n te r a l  pump i s  used , what flow r a t e  i s  i t  normally s e t  a t?  
P lease  s t a t e  (ml/h)
21. Each time more feed i s  re q u ire d  by th e  p a t i e n t ,  i s  th e  c o n ta in e r  
used :
a) R e f i l le d  a t  bedside  (washed d a i ly )
b) R e f i l le d  in  k i tc h e n  (washed d a i ly )
c) Washed in  k i tc h e n ,  r e f i l l e d  and rep laced
d) Washed on ward, r e f i l l e d  and rep laced
e) New c o n ta in e r  used each time
f) Other (p le a se  s t a t e )
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22. What type of feed ing tube i s  used?
a) C lin ife e d  System I
b) Ryles tube
c) Other (p le a se  s t a t e )
2 3 . How o f ten  a re  th e  p a t ie n ts*  feed ing  tubes  changed? (p le a se  
g ive  d e t a i l s )
Thank you fo r  your co -o p e ra t io n
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APPENDIX B
ADDRESSES OF MANUFACTURERS AND SUPPLIERS
i )  Manufacturers and Suppliers of en tera l feeds and feed in gred ien ts
1. Abbott L a b o ra to r ie s  L td . ,  
Queensborough 1,




2. B ris to l-M yers  Co. L td . ,  
S ta t io n  Road,
Langley,
Slough, SL3 6EB.
F le x ic a l
Iso c a l
C arnation  L td . ,  





Cow & Gate L td . ,
C l in ic a l  Products  D iv is io n , 
Trowbridge,
W il t s h i r e ,  BA14 8XX.
F o r t iso n
5. Duncan F lo c k h a r t  & Co. L td . ,  
891-995 Greenford Road, 
G reen fo rd ,
Middlesex, UB6 OHE.
Prosparo l
6, Express Food In g r e d ie n t s ,  
430 V ic to r ia  Road,
South R u is l ip ,
Middlesex, HA4 OHF.
Express S tandard 
Express High Energy







KabiVitrum L td . ,  
KabiVitrum House, 
R ivers ide  Way, 
Uxbridge,
M iddlesex, UB8 2YF.
N u traux il
Merck, E. L td . ,  
Four Marks,
Alton,
H a n ts . ,  GU34 5HG.
Peptiso rbon
T riosorbon
10. Norwich-Eaton L td . ,  
Regent House,
Woking,
S urrey , GU21 SAP.
Vivonex High N itrogen 
Vivonex S tandard
11. Roussel L a b o ra to r ie s  L td . ,  
Wembley,
M iddlesex, HA9 ONF.
C lin ifeed  Favour 
C l in i fe e d  400 
C lin ifeed  500 
C l in i fe e d  ISO 
C lin ifeed  P r o te in  Rich 
Caloreen 
N utranel
12. S c i e n t i f i c  H o sp i ta l  S upp lies  L td . ,  
37 Queensland S t r e e t ,
L iverpoo l,  L7 3JG.
Calogen 





i l )  Manufacturers and su p p liers o f en tera l feeding equipment





D iv is ion  o f Sherwood M edical, 
London Road,
Crawley,
West Sussex, RH10 2TL.
F ran k lin  M edical,
Turnpike Road,
Cressex I n d u s t r i a l  E s ta t e ,  
High Wycombe,
Bucks, HP12 3NB.
Roussel L a b o ra to r ie s  L td . ,  
Wembley,
Middlesex, HA9 ONF.
Viomedex L td . ,
Gordon Road,
U c k f ie ld ,
East Sussex, RN22 4LH.
Vygon (UK) L td . ,
Bridge Road,
C i r e n c e s t e r ,
G lo u c e s te r s h i re ,  GL? 1PT,
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i i i ) M anufacturers and s u p p l ie r s  of food co lou ring  m a te r ia l s
BDH Chemicals L td . ,  
Broom Road, 
P arks tone ,
Poole, BH12 4NN.
ponceau 4R 
sunse t yellow FCF 
t a r t r a z i n e




carm oisine  
e ry th ro s in e  BS
Sigma Chemical Co. L td . ,  
Fancy Road,
Poole,




DETAILS OF NCTC CULTURES
NCTC 8155
NCTC 10005
E n te ro b ac te r  c loacae i s o l a t e  from t i n  of 




E sc h e r ich ia  c o l i i s o l a t e  im p lica ted  
in  i n f a n t i l e  g a s t r o ­
e n t e r i t i s
i s o l a t e d  im p lica ted  
in  i n f a n t i l e  
d ia r rh o e a
NCTC 8172 
NCTC 9997
K le b s ie l la  aerogenes proposed neotype









S taphylocoGcus aureus p ro to type  s t r a i n  
fo r  p roduc tion  of 
e n te r o to x in  A




DEFINITIONS USED IN ENTERAL FEEDING
D is in fe c t io n The d e s t r u c t io n  of m icro-organism s 
but not u su a l ly  of b a c t e r i a l  spo res ;  
i t  does not n e c e s s a r i ly  k i l l  a l l  
m icro-organism s but reduces th e  
numbers to  a le v e l  which i s  not 
g e n e ra l ly  harmful to  h e a l th .
Feeding tubes Inc ludes  n a so g a s t r ic  tu b e s ,  naso- 
je je u n a l  tu b es ,  o ro g a s t r ic  tu b e s ,  
je jeunostom y, oesophagostomy and 
gastrostom y tu b e s .
Giving s e t The system l in k in g  th e  n u t r i e n t  
c o n ta in e r  to  the  feed ing  tube 
in c lu d in g  th e  d r ip  chamber, b u r e t t e ,  
pump i n s e r t ,  adap to r and 3-way tap .
Handling R e la te s  to  th e  frequency of feed 
t r a n s f e r s  and th e  m an ipu la tion  of 
equipment (changing b o t t l e s  e t c . ) .
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Hanging time The t o t a l  time during  which th e  feed 
i s  held in  th e  n u t r i e n t  c o n ta in e r  a t  
ward tem pera tu re  while being 
a d m in is te red .  This in c lu d es  pe riods  
of time when a d m in is t ra t io n  of th e  
feed i s  in te r r u p te d  te m p o ra r i ly .
Holding time The time between th e  p re p a ra t io n  of 
n o n - s t e r i l e  feeds and t h e i r  f i n a l  
a d m in is t ra t io n  to  th e  p a t i e n t .
N o n -s te r i le  feeds Feeds which may co n ta in  l i v e  
b a c t e r i a ,  e .g .  r e c o n s t i t u te d  
powdered complete fe e d s ,  commercial 
pre-packed feeds in  l iq u id  or 
powder form supplemented with 
n u t r i e n t s / a d d i t i v e s  a t  k i tc h e n ,  
pharmacy or ward le v e l  ( e .g .  w ater , 
g lucose  polymer, f a t  emulsion, 
p ro te in  c o n c e n tra te ,  v i tam in s ,  
e l e c t r o l y t e s ,  methyl c e l l u lo s e ) ;  
home-made feeds prepared in  e i t h e r  
k i tc h e n ,  ward or pharmacy from basic  
m a te r i a l s .
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N u tr ie n t  c o n ta in e r The v e s se l  from which th e  feed i s  
d i r e c t l y  adm in is tered  to  th e  
p a t i e n t ,  e .g .  r i g i d  p l a s t i c  
r e s e r v o i r ,  g la s s  b o t t l e ,  p l a s t i c  
bag. In  the  case o f  bolus feed in g , 
th e  n u t r i e n t  c o n ta in e r  i s  th e  
s y r in g e / f u n n e l .
S t e r i l e  feeds I n d u s t r i a l l y  produced pre-packed 
l iq u id  feed s ,  which a re  
'com m ercially  s t e r i l e ' ,  i . e .  no 
v ia b le  organisms can norm ally  be 
d e tec te d  by th e  usual c u l t u r a l  
methods employed.
S t e r i l i s a t i o n A process  in tended  to  d e s tro y  o r  
remove a l l  l i v in g  organism s.
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APPENDIX E
EFFECT OF HANDLING PROCEDURES ON THE GROWTH OF 
E. CQLI AND STAPH. AUREUS IN ENTERAL FEEDING 
SYSTEMS UNDER SIMULATED WARD CONDITIONS
These f ig u r e s  are  th e  r e s u l t s  o f  r e p l i c a t e s  o f  
ex p er im en ts  p r e se n te d  in  th e  main t e x t ,  a s f o l lo w s  :
Appendix E C orresponding f ig u r e  (and page
f ig u r e  number in  main t e x t )
El 15 (p .8 6 a )
E2 16 ( p . 86b )
E3 17 (p .8 7 a )
E4 18 (p .8 7 b )
E5 19 (p .8 8 a ,b )
E6 20 ( p .8 8 c ,d )
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FIGURE E l The e f f e c t  o f  r e p la c in g  th e  co n ta m in a ted  
C l in i f e e d in g  System  3 r e s e r v o ir  (n u t r ie n t  c o n ta in e r )  
w ith  a  new r e s e r v o ir  c o n ta in in g  s t e r i l e  f e e d  
( C l in i f e e d  ISO) on th e  grow th  o f  E, c o l i  in  th e  
sy ste m .
The r e s e r v o ir  was changed  a t  8 and 16h ( ^ ) .
Sam ples w ere ta k e n  from  th e  r e c ip i e n t  f l a s k  ( ■ ■ ) ,
t h e  r e s e r v o ir  ( # ----------# )  and th e  e n t e r a l  f e e d in g  tu b e
( O  O ) .
((a) and (b ) a r e  t h e  r e s u l t s  from  r e p l i c a t e  e x p e r im e n ts . )










FIGURE E2 The e f f e c t  o f  r e p la c in g  th e  co n tam in ated  
C lin i f e e d in g  System  3 r e s e r v o ir  ( n u t r ie n t  c o n ta in e r )  
w ith  a  new r e s e r v o ir  c o n ta in in g  s t e r i l e  f e e d  
( C l in i f e e d  ISO) on th e  grow th  o f  S ta p h , au reu s in  th e  
sy ste m .
For Key t o  sym b ols s e e  F ig .  E l (page 1 7 0 ) .
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FIGURE E3 The e f f e c t  o f  r e f i l l i n g  th e  co n ta m in a ted  
C l in i f e e d in g  System  3 r e s e r v o ir  ( n u t r ie n t  c o n ta in e r )  
w ith  s t e r i l e  f e e d  ( C l in i f e e d  ISO) on  th e  grow th  o f  
E. c o l i  in  th e  sy ste m .
For Key t o  sym b ols s e e  F ig .  E l (page 1 7 0 ) .
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FIGURE E4 The e f f e c t  o f  r e f i l l i n g  th e  co n tam in ated  
C l in i f e e d in g  System  3 r e s e r v o ir  ( n u t r ie n t  c o n ta in e r )  
w ith  s t e r i l e  f e e d  ( C l in i f e e d  ISO) on th e  grow th  o f  
S ta p h , au reu s in  th e  sy s te m .
For Key t o  sym bols s e e  F ig .  E l (page 1 7 0 ) .
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FIGURE E5 The e f f e c t  o f  r e p la c in g  th e  C l in i f e e d in g  
System  3 r e s e r v o ir  ( n u t r ie n t  c o n t a in e r ) ,  th e  f e e d  
and th e  g iv in g  s e t  on th e  grow th  o f  E. c o l i  in  th e  
sy ste m .
For Key t o  sym bols s e e  F ig .  E l (page 1 7 0 ) .
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FIGURE E6 The e f f e c t  o f  r e p la c in g  th e  C l in i f e e d in g  
System  3 r e s e r v o ir  ( n u t r ie n t  c o n t a in e r ) ,  th e  f e e d  
and th e  g iv in g  s e t  on th e  grow th  o f  S ta p h . au reu s  
in  th e  sy ste m .
F or Key t o  sym b ols s e e  F ig .  E l (page 170 ) .
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APPENDIX F 
PATIENTS AT SPECIAL RISK FROM INFECTION
Some p a t i e n t s  a re  more s u s c e p t ib le  to  i n f e c t io n  and i t  i s  in  
t h e s e  s p e c i f i c  c a s e s  t h a t  t h e  r e q u i r e m e n t  f o r  s t e r i l e  
c o m m e rc ia l ly  p r e p a r e d  f e e d s  and a s e p t i c  p r o c e d u r e s  should be 
c a r e f u l ly  co n s id e red .  These p a t i e n t s  in c lude  :
a) Cases o f acu te  i n f e c t i o n ,  s e p s i s  e t c . ,  re c e iv in g
a n t i b i o t i c  t re a tm e n t;
b) Oncology p a t i e n t s  -  p a r t i c u l a r l y  those  on chemotherapy
and th o se  with leukaemia;
c) P a t ie n t s  re c e iv in g  iramuno-suppressive tre a tm en t fo r  any
reason o r  p a t i e n t s  whose immune system i s  o therw ise  
compromised, e .g .  p a t i e n t s  w ith  organ t r a n s p l a n t s ,  
leukaemia, pneumonias, AIDS, some p a t i e n t s  with 
r e n a l  f a i l u r e  e t c . ;
d) P a t ie n t s  with reduced g a s t r i c  a c id  s e c r e t io n ,  e .g .
a c h lo ry d r ia ,  p e rn ic io u s  anaemia, post gastrec tom y 
or re c e iv in g  g a s t r i c  acid  i n h i b i t o r s ,  e .g .  C im etid ine, 
R a n i t id in e .
e) P a t ie n t s  being fed by a ro u te  which by-passes  th e
stomach;
f )  P a t ie n t s  w ith  burns;
g) Neonates;
h) Any p a t i e n t s  re c e iv in g  long term feed ing  whose in ju ry  i s
p a r t i c u l a r l y  a s so c ia te d  with re c u r re n t  in f e c t io n s ,  e .g .  
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